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FOREWORD 


The  Kootenai  River  basin,  Libby  Dam  and  the  resulting  Lake  Koocanusa,  have 
been  of  interest  to  CRREL  investigators  since  the  mid-1970's.  We  have  focused  on 
a  number  of  cold  regions  remote  sensing,  water  quality,  and  limnological  prob¬ 
lems  Of  particular  interest  are  those  associated  with  winter  ice  cover,  spring 
snowmelt  runoff,  and  low  temperature  chemical  reactions  in  sediments  and  in 
the  water  column.  Since  CRREL  and  the  Seattle  District  have  conducted  a 
number  of  short  and  long  term  studies  on  the  Kootenai  River  and  Lake 
Koocanusa,  we  considered  it  appropriate  to  make  the  results  of  those  investiga¬ 
tions  readily  available  in  a  series  of  reports.  Therefore,  we  are  issuing  these 
results  in  the  CRREL  Special  Report  series  under  the  overall  title  Limnological  in¬ 
vestigations:  Lake  Koocanusa,  Montana. 

Part  1:  Pre-impoundment  study:  1967-1972,  with  appendix,  Basic  data 
(CRREL  Special  Report  82-21) 

Part  2:  Environmental  analyses  in  the  Kootenai  River  region,  Montana 
(Reprint  of  CRREL  Special  Report  76-13) 

Part  3:  Basic  data,  post-impoundment:  1972-1978 

Part  4:  Factors  controlling  primary  productivity 
(CRREL  Special  Report  82-15) 

Part  5.  Phosphorus  chemistry  or  sediments 
(CRREL  Special  Report  81-15) 


Cover:  Libby  Dam  and  Lake  Koocanusa,  Montana, 
1975.  (Photograph  by  U  S.  Army  Engineer 
District,  Seattle.) 


SECURITY  CLASSIFICATION  OF  THIS  PAOC  fWhrni  Data  BntaratO 


REPORT  DOCUMENTATION  PAGE 


Special  Report  82-21 _ 


4.  TITLE  (mta  Subtitle) 

LIMNOLOGICAL  INVESTIGATIONS:  LAKE  KOOCANUSA, 
MONTANA 

Part  1:  Pre-Impoundment  Study,  1967-1972 


7.  AUTHOItfcl 

Thomas  J.H.  Bonde  and  Ronald  M.  Bush 


t.  PERFORMING  ORGANIZATION  NAME  ANO  ADDRESS 

U.S.  Army  Corps  of  Engineers,  Seattle  District 


BEFORE  COMPLETING  FORM 


1.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  A  PERIOD  COVERED 


6.  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBER/*.) 


II.  CONTROLLING  OFFICE  NAME  ANO  ADDRESS 

Office  of  the  Chief  of  Engineers 
Washington,  D.C.  20314 


NAME  •  ADORES*!/  tBttaie at  I 


12.  REPORT  DATE 

October  1982 
IS.  number  of  pages 
105  _ 


i  Controlling  Otttea )  IS.  SECURITY  CLASS,  (ot  Oil. 

Unclassified 


S.  DISTRIBUTION  STATEMENT  (a!  Oil  a  Raport) 


Approved  for  public  release;  distribution  unlimited. 


17.  DISTRIBUTION  STATEMENT  (ot  tba  abetract  aotorod  In  Block  30,  It  Iterant  from  Raport) 


It.  KCY  WO  AOS  fConffmi*  on  rovoroo  midm  1/  noeooonrr  a no  Identity  by  Moot  nut  tor) 

Dams 

Eutrophlca  tlon 
Reservoirs 
Water  pollution 
ater  auallt 


This  report  documents  the  effects  of  the  construction  of  Libby  Dam  up 
water  quality  of  the  United  States  portion  of  the  Kootenai  River  durli 
pre-impoundment  phase  of  a  long-term  water  quality  study.  Water ’  quJ(i' 
lema  during  dam  construction  appeared  to  be  restricted  to  short-tbA 
in  suspended  sediment  and  turbidity  which  suppressed  the  aquatic  Insect  populrn 
tlon  in  the  river  downstream.  Abnormally  high  background  concentrations  and  I 
abrupt  chemical  changes  in  water  quality  during  the  course  of  the  study  were  j 
attributed  to  industrial  discharges  from  a  fertiliser  plant  and mining  opefa“' 


FtCATlOW  OF  TW 


gniEg?  !H5S5!EE!I32S 


20.  Abstract  (coat'd) 

located  on  an  upstream  tributary  to  the  river.  Nutrient  loadings  of  nitrogen 
and  phosphorus  were  found  to  be  of  sufficient  magnitude  to  predict  the  develop* 
ment  of  eutrophic  conditions  following  Impoundment  suggesting  that  efforts  in 
controlling  nutrient  point  sources  be  continued. 


A 


*or  / 


Accession  *or/ 
~g?^  spm:  y 

tr::r.  T'-.» 

1h  *  .  :T#-i 

Ju'-tii'  j^ati.iu..  . 


»y - - 

Blstrlhuttoa/ 

Availability  C.?v 
(Avail  and/or 

Hit  Speelal 


ii  Unclassified 

MCURITV  CLASSIFICATION  OF  THIS  FAOCfSkM  I 


PREFACE 


This  report  was  originally  prepared  In  1975  by  Thomas  J.H.  Bonde, 

Libby  Dam  Resident  Office  and  Ronald  M.  Bush,  Environmental  Resources 
Section,  Seattle  District,  Corps  of  Engineers.  Publication  of  this  report 
is  in  conjunction  with  the  Corps  of  Engineers  Civil  Works  Program, 
Environmental  Quality,  Work  Unit  31013,  Environmental  Effects  and  Criteria 
for  Engineering  Works  in  Cold  Regions. 

While  it  would  be  impossible  to  thank  the  many  friends,  colleagues, 
and  associates  who  have  assisted  in  this  study  and  measurably  contributed 
to  its  progress,  the  contributions  of  several  individuals  deserve  special 
recognition.  Particular  appreciation  is  given  to  Phillip  L.  Cole,  Resident 
Engineer,  Libby  Dam,  for  his  personal  interest  and  encouragement  throughout 
the  study  and  Anthony  V.  Munch  and  others  in  the  Libby  Resident  Office  for 
their  assistance  in  the  study.  General  R.E.  McConnell,  district  engineer 
during  the  early  phase  of  the  study,  Sidney  Steinborn,  Robert  Sato,  Robert 
Ayres,  Norm  MacDonald,  and  Roger  Ross  all  deserve  a  special  thanks  for 
their  roles  in  the  conception  and  growth  of  the  study. 

The  contribution  of  Robert  Rulifson  of  the  Environmental  Protection 
agency,  Robert  Schumacher  and  Joe  Huston  of  the  Montana  Department  of  Fish 
and  Game,  and  Phil  Torangeau  of  the  University  of  Montana  were  deeply  ap¬ 
preciated.  Much  of  the  credit  for  the  quality  of  the  data  can  be  given  to 
George  Pike  anc  his  staff,  particularly  Roger  Knapton,  Lynn  Hull  and  the 
field  personnel  of  the  Kallspell  office  of  the  U.S.  Geological  Survey.  The 
aid  of  Inez  Herrig  and  the  staff  of  the  Lincoln  County  Library,  who  went 
out  of  their  way  to  obtain  needed  reference  material,  is  gratefully  acknow¬ 
ledged. 

The  contents  of  this  report  are  not  to  be  used  for  advertising  or 
promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  endorsement  or  recommendation  of  the  use  of  such  commercial 
products . 

A  study  of  the  United  States  reach  of  the  Kootenai  River  was  under¬ 
taken  in  1967  to  document  the  effects  on  water  quality  from  construction 
and  operation  of  Libby  Dam,  Montana.  This  report  presents  the  results  of 
the  first  or  preimpoundment  phase  of  the  ongoing  study.  In  March  1972  the 
river  was  impounded  and  the  reservoir.  Lake  Koocanusa,  was  formed.  Lake 
Koocanusa  is  a  relatively  large  reservoir  with  an  average  surface  area  of 
1.5  x  108  m2  (3.75  x  103  acres)  and  a  mean  depth  of  43  m  (113  ft).  It  is 
about  145  km  (90  miles)  in  length  at  full  pool,  extending  some  68  km  (42 
miles)  in  Canada.  In  the  preimpoundment  phase  of  the  study,  phosphorus  and 
nitrogen  loadings  in  the  Kootenai  River  were  found  to  be  sufficiently  high 
to  predict  the  development  of  eutrophic  conditions,  particularly  nuisance 
algal  blooms,  in  the  lake  following  the  river  impoundment.  This  prediction 
was  realized  when  nuisance  algal  blooms  occurred  in  Lake  Koocanusa  in  the 
fall  of  1974  and  late  summer  and  fall  of  1975.  The  bloom  species  was 
Aphanlzomenon  flos-aquae,  a  blue-green  algae  characteristic  of  eutrophic 


ill 


waters.  The  blue-green  algae  also  occurred  In  the  lake  In  1973  but  not  in 
bloom  proportions. 

Current  measures  for  control  of  eutrophication  In  Lake  Koocanusa  and 
the  Kootenai  River  appear  promising.  The  major  source  of  phosphorus  enter¬ 
ing  the  Kootenai  River  system  has  been  waste  discharged  from  a  fertilizer 
plant  located  on  a  tributary  of  the  Kootenay  River  in  British  Columbia. 
Following  the  issuance  of  wastewater  effluent  regulations  by  the  Brltich 
Columbia  Pollution  Control  Branch,  the  fetillzer  company  is  undertaking  a 
two-phase  waste  treatment  program.  The  first  phase,  completed  30  Septebmer 
1975,  ^recycled  gypsum  waste  and  has  reportedly  achieved  over  80%  reduction 
in  phosphorus  in  the  effluent.  The  second  phase,  scheduled  for  completion 
in  late  1977,  will  result  in  a  reduction  of  phosphorus  in  the  waste 
effluent  of  99%.  Furthermore,  the  communities  that  have  been  discharging 
domestic  wastes  into  the  river  system  in  British  Columbia  are  upgrading 
their  treatment  systems,  with  some  communities  choosing  land  application 
methods  rather  than  discharging  their  effluent  to  surface  waters. 

The  post impoundment  phase  of  the  water  quality  study  will  document  the 
effects  on  the  limnology  and  water  quality  of  Lake  Koocanusa  and  the 
Kootenai  River  from  treatment  of  wastewaters  discharged  into  the  river 
system.  The  first  of  the  postimpoundment  reports  is  expected  to  be  com¬ 
pleted  in  early  1977. 
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1.0  SUMMARY  AND  CONCLUSIONS 


This  report  documents  the  water  quality  of  the  United  States 
reach  of  the  Kootenai  River  for  the  period  October  1967  through 
March  1972.  The  end  date  marks  the  impoundment  of  the  river  by 
Libby  Dam  in  Montana  and  the  beginning  of  a  postimpoundment  study, 
to  be  reported  upon  at  a  future  date.  The  study  was  conducted  by 
the  U.S.  Army  Corps  of  Engineers  with  coordination  and  cooperation 
of  state  and  Federal  agencies  and  Canadian  agencies.  Published  con¬ 
current  with  this  report  is  a  report  by  the  British  Columbia  Pollution 
Control  Branch  to  document  the  quality  of  the  Kootenai  River  within 
Canada  prior  to  river  impoundment  (Crozler  and  Leinweber,  1975). 

1.1  Findings . 

A  significant  decrease  in  the  values  for  a  number  of  water  quality 
parameters  was  observed  in  the  Kootenai  River  in  1968  following  the 
implementation  of  waste  water  treatment  controls  to  an  industrial  dis¬ 
charge  to  a  tributary  of  the  Kootenay  River  in  Canada.  Nevertheless, 
the  concentration  of  several  constituents  of  the  river's  water,  particu¬ 
larly  phosphorus,  continued  to  be  higher  than  would  have  been  found 
naturally  in  the  Kootenay  River. 

The  aquatic  insect  population  of  the  river  increased  between 
1968  and  1969  and  remained  high  throughout  the  study.  Such  suggests 
that  the  chemical  changes  noted  in  the  river  after  implementation  of 
the  industrial  effluent  control  in  Canada  had  a  beneficial  effect  upon 
the  insect  population. 

The  nutrient  concentrations  and  loadings,  especially  phosphorue, 
of  the  river  were  sufficiently  high  to  predict  the  development  of 
eutrophic  conditions  in  the  lake  (Lake  Koocanusa)  formed  by  impoundment 
of  the  river  by  Libby  Dam.  A  reduction  in  phosphorus  input  to  the 
river  system  is  necessary  to  prevent  the  development  of  eutrophic 
conditions  such  as  nuisance  algal  blooms  in  Lake  Koocanusa. 

Water  quality  problems  observed  from  Libby  Dam  project  construc¬ 
tion  activities  appeared  to  have  been  restricted  to  increases  in 
suspended  sediment  and  turbidity.  Short-term  increases  in  suspended 
sediment  and  turbidity  due  to  channel  diversions  and  such  activities 
as  drainage  of  settling  ponds  created  occasional  problems,  but  the 
major  increases  occurred  coincident  with  higher  river  discharge  when 
the  hydraulic  force  and  erosive  capacity  of  the  river  was  at  its 
gtMttsti  The  increase  in  suspended  sediment  from  dam  construction 
activities  hsd  adverse  biological  effects  on  the  river  as 
by  the  suppression  of  the  aquatic  insect  population  up  to  14.5  km 
(9  miles)  downstream  of  the  dam  site. 


1 • 2  Recommendat ions . 


The  waters  of  the  Kootenai  River  are  potentially  highly  productive, 
principally  as  a  result  of  man's  activities.  Progress  has  been  made 
in  controlling  the  cultural  addition  of  nutrients  and  deleterious  ma¬ 
terials  to  the  Kootenai  River  system  during  the  course  of  the  preimpound¬ 
ment  study,  and  facilities  to  effect  further  control  are  planned.  The 
key  factor  for  improving  the  water  quality  of  the  Kootenai  River  system 
is  the  close  coordination  and  cooperation  with  the  Canadian  agencies, 
particularly  the  British  Columbia  Pollution  Control  Branch,  through  the 
Water  Quality  Task  Force.  Coordination  with  the  Canadian  agencies 
through  the  task  force  should  be  continued. 

In  order  to  (1)  document  the  effects  of  the  anticipated  waste 
water  control  programs  on  the  quality  of  the  river  system,  (2)  docu¬ 
ment  the  downstream  effects  from  impoundment  of  the  river  by  Libby 
Dam,  (3)  determine  the  conditions  of  the  Libby  Dam  reservoir  (Lake 
Koocanusa) ,  and  (4)  make  meaningful  management  decisions  toward  main¬ 
taining  or  improving  the  quality  of  the  resource,  the  water  quality 
study  of  the  river  system  should  be  continued.  The  study  should  con¬ 
tinue  to  be  fully  coordinated  with  the  state.  Federal,  and  Canadian 
agencies. 

Water  quality  problems  encountered  during  Libby  Dam  Project  construc¬ 
tion  activities  were  principally  high  suspended  sediment  and  turbidities. 
Although  the  increases  in  suspended  sediment  and  turbidity  were  generally 
short  term,  they  did  have  an  adverse  effect  upon  the  aquatic  ecosystem. 

The  major  causative  factor  appeared  to  be  river  diversions.  With  their 
inherent  water  quality  problems,  diversions  should  be  discouraged. 

Where  diversions  are  necessary,  they  should  be  scheduled  to  be  construc¬ 
ted  in  the  "dry"  and  utilized  on  a  short-term  basis  during  the  period 
of  low  flows. 

The  incorporation  of  special  provisions  within  construction  contracts 
requiring  compliance  with  state  and  Federal  water  quality  standards  is 
an  effective  tool  in  preventing  or  minimizing  water  pollution.  Equally 
important  are  information  pamphlets  and  preconstruction  meetings  which 
bring  to  the  attention  of  the  contractors  the  water  quality  standards 
and  the  fact  that  the  standards  will  be  strictly  enforced.  A  water 
quality  monitoring  program  is  a  compelling  addition  to  these  provisions 
and  should  be  Incorporated  into  the  planning,  construction,  and  operation 
of  every  major  project. 

Efforts  to  prevent  water  pollution  problems  during  the  construction 
phase  of  a  project  can  be  made  more  effective  by  actively  seeking 
the  advice  and  assistance  of  pollution  control  and  fish  and  wildlife 
agencies  and  notifying  them  when  problems  occur,  a  major  activity 
during  the  construction  of  Libby  Dam.  However,  there  is  often  little 
that  can  be  done  at  the  construction  site  to  remedy  water  quality  prob¬ 
lems  caused  by  what  environmentally  has  been  poorly  planned,  engineered, 
or  designed.  All  projects  and  contracts  should  be  thoroughly  reviewed 
from  a  water  quality  standpoint  prior  to  construction  to  ensure  that 
they  can  be  built  with  maximum  benefits  to  the  present  and  potential 
users  of  the  water  resource  without  deterioration  of  its  quality. 
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2.0  INTRODUCTION 


The  Kootenai  River  (spelled  Kootenay  in  Canada)  is  a  major  tribu¬ 
tary  of  the  Columbia  River  and  drains  parts  of  southeastern  British 
Columbia,  northern  Idaho,  and  northwestern  Montana.  The  river  origi¬ 
nates  in  Canada,  enters  the  United  States,  re-enters  Canada  and  flows 
into  Kootenay  Lake,  and  eventually  enters  the  Columbia  River  at  Castle- 
gar,  British  Columbia. 

In  1966  construction  was  begun  on  Libby  Dam  near  Libby,  Montana. 
Libby  is  one  of  four  dams  being  constructed  under  an  international 
treaty  to  develop  the  headwaters  of  the  Columbia  River.  The  dam  and 
its  reservoir,  now  officially  called  t^ke  Koocanusa,  were  designed  to 
provide  power,  flood  control,  and  recreation  benefits. 

With  the  start  of  construction,  considerable  concern  was  expressed 
over  the  possible  detrimental  effects  that  dam  construction  and  river 
impoundment  could  have  upon  water  quality  and  the  aquatic  ecosystem. 
Recognizing  the  many  ecological  unknowns  in  this  field  and  the  notable 
lack  of  specific  data  related  to  the  Kootenai  River,  the  Corps  of 
Engineers,  with  the  assistance  of  a  number  of  state  and  Federal 
agencies,  implemented  a  water  quality  study  program.  High  phosphorus 
concentrations  found  in  the  river  during  early  phases  of  the  study 
and  recognition  of  the  potential  eutrophic  conditions  that  could  result 
from  high  phosphorus  loading  following  impoundment  led  to  the  develop¬ 
ment  of  a  joint  water  quality  program  between  Canada  and  the  United 
States. 


2.1  Purpose  and  Scope. 

The  principal  objectives  of  this  study  as  originally  formulated 
in  1967  are  threefold: 

1.  To  provide  reliable  scientific  data  on  various  water  quality 
parameters  before,  during,  and  after  the  construction  of  Libby  Dam 
Project. 


2.  To  utilize  these  data  in  predicting,  insofar  as  possible,  any 
detrimental  changes  in  water  quality  that  are  occurring,  or  may  be 
likely  to  occur,  as  a  result  of  the  project. 

3.  To  recommend  actions  that  can  be  taken  to  avoid  or  minimize 
water  quality  problems. 

The  lack  of  water  quality  data  on  the  Kootenai  River  and  its  tri¬ 
butaries  played  a  large  part  in  the  decision  to  undertake  the  study 
and  in  its  ultimate  design.  Information  on  the  portion  of  the  river 
within  the  United  States  was  virtually  lacking.  Public  health,  pollu¬ 
tion  control,  and  fish  and  wildlife  agencies  recommended  that  data  be 
collected  within  their  particular  field  of  interest.  These  requests 
were  accommodated  whenever  possible.  In  addition,  it  was  felt  that 
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there  were  valid  scientific  reasons  for  obtaining  biological  and 
limnological  information  on  impoundment  of  a  cold  water  stream. 

These  reasons,  coupled  with  a  growing  environmental  awareness  of  the 
public  as  reflected  in  Congressional  and  Executive  actions,  deter¬ 
mined  the  final  direction  of  the  study. 

Following  meetings  with  personnel  of  the  British  Columbia  Pol¬ 
lution  Control  Branch  beginning  in  1969,  the  scope  of  the  study  was 
enlarged  to  include  most  of  the  basin  lying  upstream  from  Kootenay 
Lake.  Additional  parameters  and  sampling  stations  were  located  on 
the  mainstem  of  the  Kootenai  River  and  its  tributaries  in  both  the 
United  States  and  Canada.  Efforts  were  made  to  standardize  and 
improve  sampling  and  analytical  techniques  and  provide  for  the  mutual 
exchange  of  data. 

The  purpose  of  this  report  is  to:  (1)  present  the  results  of 
water  quality  sampling  on  the  United  States'  portion  of  the  Kootenai 
River  during  construction  of  Libby  Dam,  incorporating  more  recent 
data  with  that  contained  in  previous  reports  (U.S.  Army  Corps  of 
Engineers,  1969,  1970,  1971),  (2)  to  delineate  and  analyze  any  physical, 
chemical,  or  biological  changes  occurring  in  the  river  during  this  period, 
and  (3)  to  provide  recommendations  for  maintaining  and  improving  water 
quality  conditions  throughout  the  entire  basin. 

2-2  History  of  Study. 

Libby  Dam  and  Reservoir  Project  was  authorized  by  the  81st  Congress 
of  the  United  States  in  1950.  Preliminary  planning  began  in  1952. 

As  the  project  involved  both  upstream  storage  and  downstream  effects, 
not  only  in  the  United  States  but  in  Canada;  the  project  was  built 
under  an  international  treaty  relating  to  the  cooperative  water  re¬ 
source  development  of  the  Columbia  River  Basin.  This  treaty,  which 
sanctioned  construction  of  Libby  and  three  Canadian  dams,  was  ratified 
by  the  U.S.  Congress  in  1961  and  by  the  Canadian  Parliament  in  1964. 
Construction  work  on  the  Libby  Dam  project  began  in  1966. 

The  Corps  of  Engineers,  with  the  cooperation  of  the  Federal  Water 
Pollution  Control  Administration  (FWPCA)  (now  under  the  Environmental 
Protection  Agency) ,  began  preliminary  planning  for  a  water  quality  study 
in  1966.  Final  details  of  the  study,  through  coordination  with  the  U.S. 
Geological  Survey,  Montana  Department  of  Health,  and  Montana  Depart¬ 
ment  of  Fish  and  Game,  were  completed  at  a  joint  meeting  in  the  spring 
of  1967.  As  a  result  of  this  meeting  the  Corps  of  Engineers  agreed 
to  a  study  plan  in  which  the  Corps  would  maintain  sampling  stations 
in  the  area  from  below  the  dam  site  upstream  to  the  International 
Boundary,  while  the  Environmental  Protection  Agency  (EPA)  would 
maintain  those  from  Libby  downstream  to  the  International  Boundary. 
Sampling  began  at  Corps  of  Engineers  stations  in  October  1967  and  at 
EPA  stations  in  March  1968.  Contracts  for  the  analysis  of  bottom 
fauna  samples  and  the  study  of  fish  population  were  made  with  the 
University  of  Montana  and  the  Montana  Department  of  Fish  and  Game  by 
the  Corps  of  Engineers. 

The  Water  Resources  Service  of  the  Province  of  British  Columbia 
and  the  Corps  of  Engineers  were  the  agencies  designated  by  the  Columbia 


4 


River  Treaty  to  represent  Canada  and  the  United  States  In  activities 
related  to  the  construction  of  Libby  Dam.  A  task  force  consisting  of 
the  British  Columbia  Pollution  Control  Branch,  the  Corps  of  Engineers, 
and  other  United  States'  agencies  was  established  in  October  1969. 

2.3  Watershed  Characteristics. 

2.3.1  Description  of  the  Basin. 

The  Kootenai  River  Basin  is  located  between  48°  and  51°  North 
latitude  and  115°  and  118°  West  longitude  and  includes  within  its 
boundaries  parts  of  southeastern  British  Columbia,  northern  Idaho, 
and  northwestern  Montana.  A  map  of  the  Kootenai  River  drainage 
basin  is  presented  in  figure  1. 

The  basin  measures  383  km  (238  miles)  long  by  246  km  (153  miles) 
wide  and  has  an  area  of  49,987  sq  km  (19,300  sq  miles).  About  one- 
quarter  of  the  area,  or  about  12,432  sq  km  (4,800  sq  miles),  lies  in 
the  United  States.  An  Earth  Resources  Technology  Satellite  (ERTS) 
mosaic  taken  from  an  altitude  of  917  km  (570  miles)  and  covering  all 
but  the  most  western  part  of  the  basin  is  shown  in  figure  2. 

The  basin  ranges  in  elevation  from  about  418  m  (1,370  ft)  above 
mean  sea  level,  where  the  Kootenai  enters  the  Columbia  River  near 
Castlegar,  B.C.,  to  the  3,618  m  (11,870  ft)  peak  of  Mt.  Assiniboine  on 
the  Continental  Divide  in  the  northea  'em  part  of  the  basin.  The  sec¬ 
tion  of  the  river  lying  in  the  United  States  ranges  from  an  elevation 
of  about  704  m  (2,310  ft)  as  it  enters  the  country  to  533  m  (1,750  ft) 
above  mean  sea  level  as  it  leaves  the  country. 

2.3.2  Geology. 

The  Kootenai  River  Basin  lies  in  the  Northern  Rocky  Mountain  Physio¬ 
graphic  Province.  This  province  is  characterized  by  successive  moun¬ 
tain  ranges  trending  north  to  northwest  separated  by  long  straight 
valleys  lying  parallel  to  the  ranges.  Major  land  features  include 
the  McDonald,  Whitefish,  and  Salish  Mountains  on  the  east,  the  Purcell 
Mountains  in  the  center,  and  the  Cabinet  and  Selkirk  Mountains  an  the 
south  and  west.  Separating  these  ranges  is  the  Rocky  Mountain  Trench 
on  the  east  and  the  Purcell  Trench  on  the  west.  Except  for  the  rela¬ 
tively  broad,  flat  valleys  in  these  trenches  where  the  terrain  is 
moderate,  the  area  is  typified  by  narrow  valleys  and  rugged  steep 
slopes  with  frequent  rock  outcroppings. 

The  mountain  ranges  are  composed  of  folded  and  faulted  crustal 
blocks  of  metamorphosed,  sedimentary  rock  materials  of  the  Precambrian 
Belt  Series.  This  series  consists  of  durable  siliceous  argillites, 
quartzites,  and  impure  limestones  created  during  an  earlier  era  from 
various  mixtures  of  clay,  silt,  sand,  and  carbonates  which  were  subjected 
to  low-grade  metamorphism.  Minor  basaltic  flows  are  also  present. 

2.3.3  Hydrogeology. 

The  occurrence  and  distribution  of  ground  water  in  the  drainage  is 
closely  related  t  the  geology.  Rock  outcrops  of  the  Belt  series  are 
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Kootenai  River  Basin, 
Montana 


This  positive  print  photomosaic  was 
prepared  from  three  CRTS  M  Bend  7 
Images  by  the  Barth  Sciencee  Branch, 
Cold  Regtona  Research  and  Engineering 
Laboratory,  Hanover,  New  Rampehtre. 


Figure  2.  ERTS  photomosaic  of  the  Kootenai  River  drainage  basin;  images  acquired  on 
7  and  8  Feb  73;  approximate  location  of  the  United  States-Canada  border, 
Libby  Oam  (l),  Lake  Koocanusa  (2),  Kootenai  River  (3),  and  Kootenay  Lake  (4). 
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tightly  compacted  with  little  or  no  porosity  or  permeability  and  in 
these  areas  ground-water  production  is  small.  Glacial  deposits  consist¬ 
ing  of  a  well-compacted,  poorly  sorted  mixture  of  clay,  silt,  sand,  and 
gravels  interbedded  with  glacial  lake  sediments  of  finely  laminated 
silty-day  created  by  periodic  damming  of  the  Kootenai  River  are 
characteristic  of  the  valleys.  In  certain  of  these  areas,  wells  pro¬ 
duce  an  abundance  of  water.  The  complex  heterogenous  nature  of  these 
deposits  makes  their  water-bearing  characteristics  highly  variable  and 
ground-water  supplies  range  from  virtually  nil  to  excellent. 

Numerous  springs  and  seeps  occur  throughout  the  basin.  Ground 
water  provides  much  of  the  base  flow  of  the  river  and  its  tributaries 
during  a  large  part  of  the  year.  Characteristically,  this  water  is 
of  excellent  quality  but  more  mineralized  than  water  derived  from  sur¬ 
face  supplies. 

2.3.4  Climate . 

The  Kootenai  River  Basin  at  its  nearest  extension  lies  only  523  km 
(325  miles)  from  the  Pacific  coast  and  its  climate  is  affected  by  both 
modified  maritime  and  continental  influences.  Maritime  influences  are 
generally  dominant  in  the  winter  and  result  in  rain  or  snow  when  warm 
Pacific  air  masses  are  cooled  on  passing  through  the  mountain  ranges. 
Continental  influences  are  generally  dominant  in  the  summer  when  northward 
extensions  of  low  pressure  areas  from  the  hot  southerly  interior  cause 
heavy  convective- type  showers  with  occasional  cloud  bursts.  Winters 
are  neither  as  wet  nor  as  warm  as  the  Pacific  coastal  areas,  but  are 
generally  less  severe  than  areas  to  the  east  of  the  Continental  Divide. 

The  coastal  tendency  for  dry  summers  persists,  but  the  dominant  maritime 
influence  gives  way  to  continental  influences  as  one  moves  eastward 
through  the  basin.  Characteristic  of  most  mountainous  areas,  weather 
patterns  within  the  basin  are  complex,  with  local  variations  stemming 
from  differences  in  elevation  and  specific  location  in  relation  to 
the  various  mountain  ranges. 

Temperature 

A  mean  annual  temperature  of  about  5.0°C  (41°F)  seems  to  be  most 
representative  of  the  basin  as  a  whole  with  a  fairly  wide  range  between 
reporting  stations.  July  is  the  warmest  month  with  mean  temperatures 
ranging  from  19.4°C  (678F)  at  Libby  to  13.9#C  (57°F)  at  Sinclair 
Pass.  The  extreme  maximum  temperatures  of  record  at  the  same  stations 
are  42.8°C  (109°F)  and  36.1#C  (97°F).  January  is  the  coldest  month 
of  the  year  with  mean  recorded  temperatures  ranging  from  -5.6*C  (22®F) 
at  Libby  to  -11.1®C  (12#F)  at  Sinclair  Pass.  The  extreme  low  temper¬ 
atures  at  the  same  stations  are  -43.3®C  (-46°F)  and  -42.2°C  (-44°F) 
respectively.  Extremely  low  temperatures  are  not  common,  however, 
and  at  Libby  temperatures  of  -18®C  (0® F)  are  reached  on  only  12  days 
in  an  average  year.  Oppressive  heat  and  humidity  combinations  are  also 
rare  and  the  effects  of  hot  summer  days  are  moderated  by  strong  night¬ 
time  cooling. 


Growing  Season 

The  large  difference  between  daily  high  and  low  temperatures  is 
most  pronounced  in  its  effect  in  reducing  the  length  of  the  growing 
season.  The  average  frost-free  period  at  Libby,  Montana,  is  79  days, 
Newgate,  B.C. ,  93  days,  and  Cranbrook,  B.C. ,  77  days.  The  shortness  of 
the  growing  season  limits  agriculture  and  native  vegetation  to  only  the 
more  hardy  species. 

Precipitation 

The  mean  annual  precipitation  for  the  basin  is  only  76  cm  (30  in) 
with  a  variation  within  the  basin  of  from  about  36  cm  (14  in)  to  an 
estimated  305  cm  (120  in)  at  highest  elevations.  Approximately  70  per¬ 
cent  of  the  total  precipitation  falls  as  snow.  The  annual  snowfall 
varies  from  about  102  cm  (40  in)  at  the  lower  elevations  to  762  cm 
(300  in)  in  some  parts  of  the  mountain  areas.  Most  of  the  snow  falls 
during  the  November  -  March  period,  although  heavy  snowstorms  can  occur 
as  early  as  mid-September  or  as  late  as  1  May. 

Cloud  Cover 


Winters  are  characteristically  cloudy  with  overcast  conditions  pre¬ 
vailing  as  much  as  75  percent  of  the  time.  Throughout  the  balance  of 
the  year,  partly  cloudy  or  clear  weather  prevails.  During  the  sunnier 
months  more  than  50  percent  of  the  days  are  clear. 

Winds 


Being  sheltered  by  the  mountains,  destructive  winds  are  rare  at 
lower  elevations  in  the  basin.  The  average  wind  speed  at  Cranbrook, 

B.C. ,  is  about  9.7  km/hr  (6  mph) . 

2.3.5  Vegetation. 

The  dominant  vegetal  type  within  the  basin  is  coniferous  forest 
with  dense  stands  of  trees  covering  perhaps  as  much  as  90  percent  of 
the  basin  area.  Only  a  small  amount  of  the  area  can  be  classified  as 
agricultural  and  this  is  used  largely  for  pasture  or  hay  production. 

The  amount  of  land  devoted  to  cultivated  crops  is  small. 

2.3.6  Cultural  Development. 

The  portion  of  the  Kootenai  River  Basin  lying  within  the  United 
States  la  sparcely  inhabited.  Cultural  development  has  been  restricted 
to  the  river  valleys  by  the  relatively  steep  mountainous  terrain. 

Human  habitation,  and  the  few  communities  and  industries  that  exist, 
are  found  along  the  Kootenai  River  and  its  major  tributaries  in  Boundary 
County,  Idaho,  and  Lincoln  County,  Montana.  Population  figures  for  these 
two  counties  provide  a  fairly  accurate  estimate  of  the  basin  population 
in  the  United  States. 
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CountT 

Lincoln 


Urban 

Rural 

Total 

Boundary 

Urban 

Rural 

Total 

Total  Both 


_ Population _ 

Tgfi. 

1970 

4,942 

7.395 

5,980 

11.420 

12,337 

17,400 

3.809 

2,797 

3.374 

5,809 

6,371 

18,346 

23.771 

The  basin  population  has  grovn  by  30  percent  in  the  10-year  period, 
1960  to  1970.  Most  of  this  Increase  has  occurred  in  Lincoln  County  due 
in  large  part  to  the  influx  of  construction  personnel  working  on  Libby 
Dam  which,  according  to  Mueller  and  Wlrth  (1970),  has  increased  the 
county  population  by  between  2,500  and  3,000  persons.  While  the  basin 
population  can  be  described  as  semi-rural  with  most  people  living  in 
unincorporated  communities  of  2,500  people  or  less,  the  rural  popula¬ 
tion  is  predominantly  nonfarm. 

The  basic  industries  in  the  study  area  are  the  harvest  and  manufac¬ 
ture  of  timber  products,  mining,  agriculture,  and  tourism.  The  con¬ 
struction  Industry  has  experienced  considerable  growth  with  the  con¬ 
struction  of  Libby  Dam,  but  this  is  believed  to  be  a  short-term  gain 
which  will  decline  following  the  completion  of  the  dam.  The  quantity, 
availability,  and  the  type  of  natural  resources  in  the  area  would  tend 
to  indicate  the  economy  of  the  area.  While  agriculture  is  not  a  major 
industry,  with  arable  lands  occupying  only  about  2  percent  of  the  basin 
area  (White,  1960),  it  does  provide  a  degree  of  diversity  to  the  economy. 
Tourism  is  an  industry  that  has  experienced  considerable  growth  in  this 
area  in  recent  years  and  it  is  expected  that  its  potential  will  be 
enhanced  by  the  completion  of  the  Libby  Dam  project. 

2.4  Stream  Characteristics. 

2.4.1  Description  of  the  River. 

The  Kootenai  River  has  a  length  of  approximately  780  km  (485  miles) 
of  which  266  km  (165  miles),  or  about  one-third  of  its  length,  is  in 
the  United  States.  The  source  of  the  Kootenai  is  located  in  Kootenay 
National  Park,  British  Columbia,  adjacent  to  the  Continental  Divide  and 
about  48  km  (30  miles)  west  of  Banff,  Alberta. 

From  its  source  it  flws  about  161  km  (100  miles)  south  entering 
Rocky  Mountain  Trench  near  Canal  Flats,  only  2.4  km  (1.5  miles)  from 
Columbia  Lake,  the  headwaters  of  the  Columbia  River.  From  this  point 
the  river  continues  southward  another  161  km  (100  Mies)  entering  the 
United  States  in  the  vicinity  of  Rexford,  Montana,  where  it  leaves  the 
Rocky  Mountain  Trench  and  continues,  passing  southward  through  the 
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mountains  of  the  Purcell  Range  for  about  80  ka  (50  miles)  to  the  con¬ 
fluence  of  the  Fisher  River.  Here  the  river  turns  abruptly  west, 
passing  over  Kootenai  Falla  in  a  gap  between  the  Cabinet  and  Purcell 
Mountains.  Near  Troy,  the  river  trends  northwestward  to  Bonners  Ferry 
where  it  enters  the  Purcell  Trench.  At  Bonners  Ferry  the  valley 
widens  and  the  river  meanders  northward  some  76  km  (47  miles) ,  where  it 
reenters  Canada.  Shortly  after  crossing  the  border,  the  river  flows 
into  Kootenay  Lake.  From  the  west  arm  of  Kootenay  Lake,  the  river 
flows  37  km  (23  miles)  west  to  its  junction  with  the  Columbia  River. 

2.4.2  Discharge. 

The  mean  annual  discharge  of  the  river  at  its  mouth  is  796  cu  m/sec 
(28,100  c.f.s.)  making  the  Kootenay  the  second  largest  tributary  of  the 
Columbia  River  System,  exceeded  in  volume  only  by  the  Snake  River. 
Tributary  streams  of  various  sizes  are  numerous  and  continuously  add 
to  the  river's  size  throughout  its  length.  The  significance  of  the 
major  tributaries  in  relation  to  the  size  of  the  river  is  shown  in 
figure  3.  Runoff  contributed  from  drainages  lying  largely  within  the 
United  States  represents  an  average  annual  volume  of  over  5  x  HP 
cu  m  (4,058,000  acre-feet),  or  about  20  percent  of  the  average  annual 
runoff  of  the  river  as  it  joins  the  Columbia  River.  A  summary  of  the 
discharge  of  the  river  and  its  major  tributaries  at  selected  gaging 
stations  in  the  United  States  can  be  found  in  the  appendix,  table  1. 

The  longest  historical  record  for  the  Kootenai  River  is  from  the 
gaging  station  at  Libby,  Montana,  with  records  extending  back  to  1910. 

A  summary  hydrograph  showing  daily  means  and  extremes  is  shown  in 
figure  4.  Daily,  monthly,  and  annual  duration  curves  for  the  Kootenai 
River  at  Libby  can  be  found  in  the  appendix,  figure  1. 


Figure  3.  Mean  discharge  of  the  Kootenai  River  and  its  major 
tributaries. 
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Figure  4.  Summary  hydrograph  for  the  Kootenai  River  at  Libby,  Montana. 


2.4.3  Gradient . 

A  profile  of  the  Kootenai  River  is  shown  in  figure  5.  The  total 
fall  from  the  mouth  of  the  Vermillion  River  near  its  source  downstream 
to  the  Columbia  River  is  732  m  (2,400  ft),  which  in  a  distance  of  727 
km  (451  miles)  averages  1  m/km  (5.3  ft/mile).  The  steepest  parts  of 
the  river  are  between  the  mouth  of  the  river  and  Kootenay  Lake,  where 
the  river  drops  105  m  (345  ft)  in  a  distance  of  26  km  (16  miles),  and 
at  Kootenai  Falls,  where  the  river  drops  18  m  (60  ft)  in  3.2  km  (2  miles). 
A  large  section  of  the  river  extending  from  Cora  Linn  Dam,  which  impounds 
Kootenay  Lake,  upstream  to  Bonners  Ferry  is  virtually  flat  with  the  river 
level  at  Bonners  Ferry  being  affected  by  the  elevation  of  Kootenay  Lake. 

The  portion  of  the  river  lying  in  the  United  States,  a  distance  of 
266  km  (165  miles),  has  a  fall  of  169  m  (555  ft)  or  about  0.6  m/km  (3.4 
ft/mile) .  The  gradient  from  Kootenai  Falls  upstream  to  the  International 
Boundary  is  about  0.9  m/km  (4.5  ft/mlle). 

2.4.4  River  Bottom  and  Bank  Characteristics. 

In  general,  the  river  channel  up  to  the  high-water  mark  consists 
of  bottom  materials  ranging  in  size  from  gravel  to  boulder.  The 
smaller  of  these  materials,  due  to  their  inetabillty  in  periods  of  high- 
water  velocities,  are  continually  being  modified,  forming  gravel  bars 
and  braided  channels  with  alternating  pools  and  riffles.  In  contrast 
to  upper  Kootenai,  the  lower  portion  of  the  river  from  Bonners  Ferry 
to  Kootenai  Lake  is  flat.  The  river  slows  and  drops  its  sediment  load 
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Figure  5.  Profile  of  the  Kootenai  River. 


in  this  area  and,  in  times  of  high  water,  overtops  its  banks.  The  domi¬ 
nant  bottom  type  in  this  area  is  silt. 

2.4.5  Water  Use. 

Water  is  one  of  the  most  abundant  resources  in  the  Kootenai  River 
Basin  and  is  used  for  a  number  of  purposes.  Including  domestic  and  ndus- 
trial  supply,  waste  disposal,  power  production,  Irrigation,  and  recre¬ 
ation. 

Water  for  domestic  and  industrial  purposes  in  the  basin  is  obtained 
from  both  ground  water  and  surface  water  sources.  Some  communities 
such  as  Eureka  and  Troy  have  municipal  wells  to  supplement  their  sur¬ 
face  supplies.  Bonners  Ferry  has  solved  a  problem  of  insufficient 
flow  in  their  tributary  source  by  pumping  directly  from  the  Kootenai 
River.  The  rural  population  depends  almost  entirely  upon  ground  water 
from  wells  and  springs  for  domestic  purposes. 

Irrigation  represents  the  major  consumptive  use  in  the  basin.  A 
report  by  the  Bureau  of  Reclamation  (White,  1960)  Indicated  that  only 
about  2,873  ha  (7,100  acres)  within  the  basin  boundaries  in  Idaho  and 
Montana  were  under  irrigation.  The  depletion  was  estimated  to  be  about 
11.1  x  10s  cu  m  (9,000  acre-ft)  of  water  annually. 
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Hydroelectric  developments  existing  prior  to  the  construction  of 
Libby  Dam  consisted  of  only  two  small  installations  which  made  it 
necessary  for  this  portion  of  the  basin  to  import  electrical  energy. 
Montana  Light  and  Power,  owned  by  the  St.  Regis  Company,  operates  a 
plant  on  Lake  Creek  near  Troy  with  a  total  Installed  capacity  of  4,500 
kW  and  a  peaking  capacity  of  5,350  kW.  The  community  of  Bonners  Ferry 
operates  a  hydro  plant  on  the  Moyle  River  near  Moyle  Springs  with  a 
rated  capacity  of  2,650  kW  and  a  peaking  capacity  of  2,850  kW.  Both 
plants  are  operated  as  run-of-the-river  plants  with  little  or  no 
storage  capacity  and  therefore  have  little  effect  upon  normal  discharge 
routings  in  the  basin. 

Fishing  is  the  most  popular  recreational  use  of  water  in  the  river 
and  its  tributaries.  From  all  indications,  fishing  pressure  is  increas¬ 
ing  throughout  the  basin.  Fishing  through  the  ice  for  trout  and  white- 
fish  is  a  popular  winter  sport  on  the  Kootenai  River.  Balt  or  fly 
fishing,  either  from  shore  or  by  boat,  occurs  the  remainder  of  the 
year,  making  fishing  a  year-round  form  of  recreation  on  the  Kootenai 
River.  Float  trips  appeal  to  a  small  segment  of  the  population  and 
raft  trips  are  a  part  of  Libby's  annual  "Logger  Days."  Swimming  is 
done  on  some  of  the  tributary  streams.  Furbearers  and  waterfowl  uti¬ 
lize  both  the  mainstem  Kootenai  and  tributaries  as  well  as  the  lakes 
of  the  basin,  although  trapping  of  furbearers  and  waterfowl  hunting 
would  be  considered  a  minor  use  compared  to  fishing. 

Waste  Water  Sources. 


The  location  and  character  of  point  waste  discharges  within  the 
United  States'  portion  of  the  basin  are  indicated  in  the  appendix, 
table  2.  The  more  significant  of  these  discharges  are  discussed  below. 

Municipal  Discharges. 

Libby.  Montana.  The  treatment  plant  for  Libby  serves  approximately 
3,000  people  and  consists  of  a  clarifier,  heated  digester,  and  chlorine 
contact  tank.  Dry  weather  discharges  of  1892.5  cu  m/day  (0.5  mgd)  in¬ 
crease  to  more  than  5677.5  cu  m/day  (1.5  mgd)  during  spring  runoff.  The 
plant  serves  only  a  fraction  of  the  people  living  within  the  metropolitan 
area. 


Eureka.  Montana.  The  treatment  plant  for  Eureka  serves  about  1,100 
people  and  consists  of  a  bar  screen,  grit  chamber,  Spiragester  (combina¬ 
tion  clarifier  and  cold  digester),  chlorinator  and  chlorine  contact  tank. 
Chlorination  is  done  during  the  months  of  June  through  October. 

Bonners  Ferry ,  Idaho .  The  treatment  plant  for  Bonners  Ferry  serves 
about  2,000  people  and  consists  of  a  series  of  aerated  sewage  lagoons 
with  a  retention  time  which  averages  25  days.  Discharge  volume  is  about 
757  cu  m/day  (0.2  mgd). 

Industrial  Discharges. 

W.  R.  Grace  Company.  The  W.  R.  Grace  Company  mines  and  processes 
vermiculite,  a  siliceous  mineral  widely  used  for  insulation,  from 
Vermlculite  Mountain  11  km  (6.8  miles)  east-northeast  of  Libby.  Turbid 
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waters  resulting  from  thickening  and  concentration  of  the  vermiculite  and 
drainage  from  the  tailings  formerly  caused  water  quality  problems  in  Rainy 
Creek  and  the  Kootenai  River.  In  1971,  the  mine  facilities  were  expanded 
and  the  company  constructed  a  closed-circuit  recirculation  system.  Since 
that  time  there  has  been  no  discharge  from  their  processing  facility 
although  some  leaching  from  the  tailings  still  occurs  in  the  spring  of  the 
year. 


St.  Regis  Company.  The  St.  Regis  Company  operates  a  lumber  and  ply¬ 
wood  mill  in  Libby.  Sewage  wastes  are  processed  by  a  trickling-f ilter 
type  plant  consisting  of  a  bar  screen,  primary-secondary  clarifier, 
trickling  filter,  digester,  chlorinator,  and  chlorine  contact  tank. 
Disinfection  is  done  June  through  October. 

While  the  plant  has  a  capacity  of  379  cu  m/day  (0.1  mgd) ,  the  dis¬ 
charge  is  normally  around  227  to  284  cu  m/day  (0.05  -  0.08  mgd).  A 
large  volume  of  waste  water  resulting  from  operation  of  the  log  ponds, 
cooling,  and  wet  stack  scrubbers  is  continually  flushed  into  a  large 
settling  pond  which  merges  with  the  treated  sanitary  wastes  prior  to 
discharge  into  the  Kootenai  River.  Discharge  in  1972  generally  ranged 
from  0.2  to  0.57  cu  m/sec  (7  to  20  c.f.s.).  The  company  obtains  an 
annual  variance  to  discharge  their  wastes  directly  into  Libby  Creek 
during  cleaning  of  the  settling  pond.  Included  among  the  characteris¬ 
tics  of  the  log  pond  wastes  is  the  problem  of  organic  color. 

Nonpoint  Discharges.  Agricultural  land  occupies  only  a  small 
fraction  of  the  total  land  area  in  the  basin  and  agriculture  therefore 
is  believed  to  be  a  rather  minor  pollution  source,  although  it  may  be 
significant  on  certain  of  the  smaller  drainages. 

Septic  systems  are  widely  used  throughout  the  basin  and  have 
caused  water  supply  problems  in  the  more  populated  areas,  such  as 
South  Libby.  The  significance  of  septic  systems  in  relation  to  ground- 
water  quality  and  the  quality  of  surface  waters  in  the  basin  is  unknown. 

About  90  percent  of  basin  area  is  classified  as  forest  land  and 
over  two-thirds  of  the  basin  is  classified  as  commercial  forest  land 
or  land  that  is  capable  of  growing  an  economically  harvestable  forest 
crop.  No  studies  concerning  the  effect  of  forest  practices  jupon  the 
aquatic  environment  have  been  done  in  this  area. 

2.4.6  Fishery  Resources. 

The  Kootenai  River  system,  which  later  was  incorporated  into 
Lake  Koocanusa,  supported  a  fish  population  consisting  of  mountain 
whitefish,  cutthroat  trout,  rainbow  trout,  Dolly  Varden  trout,  brook 
trout,  burbot,  white  sturgeon,  kokanee,  and  a  number  of  associated 
species.  A  listing  of  the  species  known  to  occur  in  the  Kootenai 
River  proper  is  presented  in  the  appendix,  table  3.  The  rainbow, 
white  sturgeon,  and  kokanee  were  indigenous  to  Kootenay  Lake  and 
Kootenai  River  upstream  to  Kootenai  Falls.  Brook  trout  and,  likely, 
the  rainbow  have  been  introduced. 

Information  concerning  the  status  of  the  fishery  prior  to  1967  is 
scarce.  Personnel  of  the  Montana  Department  of  Fish  and  Game  have 
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attempted  to  obtain  historic  information  by  contacting  "old  timers" 
in  the  Libby,  Rexford,  and  Eureka  areas.  They  found  that  these  people 
told  essentially  the  same  story  -  that  of  a  river  with  a  changing  fish 
population. 

A  number  of  persons  indicated  that  prior  to  the  late  1940's  cut¬ 
throat  and  burbot  were  the  most  abundant  fish  caught,  while  rainbow 
were  rare  and  whitefish  were  seldom  caught.  Beginning  in  the  early 
1950's  a  major  shift  in  the  population  occurred.  Burbot  and  cutthroat 
declined  while  whitefish  and  rainbow  increased.  Some  people  remarked 
that  distinct  changes  in  water  quality  accompanied  this  population 
shift.  Whereas  the  river  substrate  had  previously  been  clean  and 
free  of  attached  algae  and  silt,  problems  with  attached  algae  (described 
as  moss),  silt,  and  sediment  became  more  noticeable.  Sediment  loads  dur¬ 
ing  the  spring  appeared  larger  and  more  persistent  and  on  occasion  the 
river  seemed  to  develop  an  odd  color. 

Creel  census  data  collected  by  the  Montana  Department  of  Fish  and 
Game  for  the  1949-64  period  show  relatively  good  fishing  with  an  overall 
success  rate  of  from  1.0  to  1.5  fish  per  man-hour.  While  the  available 
evidence  is  scant,  and  there  are  differences  of  opinion  as  to  the  quality 
of  fishing  that  existed  prior  to  construction  of  Libby  Dam,  it  seems  to 
be  a  fair  appraisal  to  say  that  the  river  and  its  tributaries  provided 
good  fishing  in  aesthetically  pleasing  surroundings.  The  prevailing 
opinion  of  the  state  from  the  standpoint  of  fish  management  during  the 
preconstruction  period  was  that  the  river  and  the  associated  fishery 
could  be  left  to  manage  itself  with  little  more  than  fishing  regulations 
and  occasional  stocking.  Stocking,  for  the  most  part,  was  confined  to 
the  tributaries  and  involved  rainbow  trout.  Fishing  pressure  was  con¬ 
sidered  to  be  relatively  light. 


3.0  WATER  QUALITY  PROGRAM 

The  monitoring  program  agreed  upon  in  1967  established  that  the 
Corps  of  Engineers  would  assume  responsibilities  for  water  quality 
monitoring  and  studies  on  the  Kootenai  River  above  the  city  of  Libby, 
while  me  FWPCA  would  assume  monitoring  responsibilities  for  the 
area  from  Libby  downstream  to  the  International  Border. 

3.1  Sampling  Locations. 

The  locations  of  sampling  stations  on  the  United  States'  portion  of 
the  Kootenai  River  and  its  tributaries  are  presented  below  and  shown  in 
figure  6. 

Stations  in  the  United  States: 

Station  1:  Kootenai  River  near  Rexford,  Montana,  located  62  km  (38.5 
miles)  upstream  of  Libby  Dam  site  and  16.9  km  (10.5  miles)  down¬ 
stream  of  the  International  Border. 

Station  2:  Kootenai  River  at  Warland,  Montana,  located  10.7  km  (6.6 
miles)  upstream  of  Libby  Dam  site. 
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Station  3:  Kootenai  River  below  Libby  Dan,  located  6  km  (3.7  miles) 
downstream  o£  Libby  Dam  site. 

Station  4:  Kootenai  River  at  Lowry  Gulch,  located  14.5  km  (9  miles) 
downstream  of  Libby  Dam  site. 

Station  5:  Fisher  River. 

Station  6:  Tobacco  River 

Station  7:  Kootenai  River  at  Libby,  Montana,  located  28  km  (17.4 
miles)  downstream  of  Libby  Dam  site  (FWPCA  monitoring  station). 

Station  8:  Kootenai  River  near  Leonia,  Idaho,  located  81  km  (50.3 
miles)  downstream  of  Libby  Dam  site  (FWPCA  monitoring  station) . 

Station  9:  Kootenai  River  near  Copeland,  Idaho,  located  157  km 
(97.7  miles)  downstream  of  Libby  Dam  site  (FWPCA  monitoring 
station) . 

Station  10:  Kootenai  River  at  Porthill,  Idaho,  located  187  km 
(116.3  miles)  downstream  of  Libby  Dam  site  (FWPCA  monitoring 
station) . 

Station  11:  Yaak  River. 

Station  7  at  Libby,  Station  8  at  Leonia,  and  Station  10  at  Porthill 
were  FWPCA  monitoring  stations.  Chemical  sampling  was  moved  from  Sta¬ 
tion  10  at  Porthill  to  Station  9  at  Copeland  in  1969.  The  data  from 
these  two  stations  have  been  combined  and  are  referenced  %r  this  r*q*ort 
as  results  of  Station  9-10. 

The  Canadian-U . S . A .  Water  Quality  Task  force  recommended  the 
following  stations  receive  primary  consideration  in  the  development 
of  the  joint  water  quality  program: 

In  the  U.S.A. : 

Kootenai  River  near  Rexford  -  (Station  1) 

Kootenai  River  below  Libby  Dam  -  (Station  3) 

Tobacco  River  -  (Station  6) 

Kootenai  River  near  Porthill  -  (Station  9-10) 

In  British  Columbia: 

Kootenay  River  near  Wardner  -  (Station  17  and  38);  Station  17, 
monitored  prior  to  May  1971  and  Station  38  thereafter,  located 
158.2  km  (98.3  miles)  upstream  of  the  Libby  Dob  site. 

Bull  River  -  (Station  30) 

Elk  River  -  (Station  16) 

Kootenay  River  at  Canal  Flats  -  (Station  20);  located  257.7  km 
(160.1  miles)  upstream  of  the  Libby  Dam  site.  ( 
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6.  Water  quality  sampling  stations. 


Additional  Stations  Monitored  in  British  Columbia: 


Station  29:  Upper  St.  Mary  River. 

Station  18:  Lower  St.  Mary  River. 

Station  14:  Kootenai  River  near  Porthill,  Idaho,  located  187  km 
(116.3  miles)  downstream  of  the  Libby  Dam  site. 

Station  13:  Kootenai  River  at  Creston  Flats,  B.C.,  located  210.2  km 
(130.6  miles)  downstream  of  the  Libby  Dam  site. 

3.2  Methods  employed  by  United  States  agencies  are  indicated  below. 

3.2.1  Discharge . 

Stage  records  were  obtained  from  Stevens  A-35  or  digital  water  stage 
recorders,  supplemented  by  readings  from  wire-weight  gages  installed 
and  maintained  by  the  U.S.  Geological  Survey.  Long-term  records  were 
available  from  most  stations.  The  discharge  at  station  2  was  used  for 
station  3  until  September  1971.  Daily  readings  from  a  wire-weight  gage 
installed  immediately  below  the  dam  plus  data  from  downstream  records 
were  used  in  calculating  the  discharge  for  the  remainder  of  the  study 
period. 


3.2.2  Water  Temperature. 

In  1962  the  U.S.  Geological  Survey,  under  contract  with  the  Corps 
of  Engineers,  installed  Ryan  Thermographs  in  the  Kootenai  River  at 
station  2  and  station  8.  Similar  installations  were  made  in  the  Kootenai 
River  at  Waldo,  B.C.,  in  the  Elk  River  (station  16),  in  the  Fisher 
River  (station  5)  and  Yaak  River  (station  11)  in  1963,  and  below  Libby 
Dam  (station  3)  in  1968.  These  data  were  supplemented  by  information 
from  a  Stevens  A-35T  Recorder  at  Porthill  (station  10) .  Problems  with 
freezing  prevented  year-round  use  of  the  Ryan  Thermographs  and  records 
for  complete  months  extend  only  from  April  or  May  through  October  or 
November,  missing  the  colder  months  of  the  year. 

Thermograph  records  were  supplemented  by  once-daily  or  monthly 
spot  observations  taken  in  connection  with  sediment  or  chemical  sam¬ 
ples.  Field  personnel  used  calibrated  mercury  thermometers  or  a  Model 
FT-3  Marine  Hydrographic  Thermometer  (Applied  Research  Austin,  Inc.). 

3.2.3  Suspended  Sediment. 

Suspended  sediment  concentrations,  expressed  as  milligrams  of  dry 
sediment  per  liter  of  the  water-sediment  mixture,  were  determined  by 
the  U.S.  Geological  Survey  using  methodology  of  Guy  and  Norman  (1970). 

3.2.4  Turbidity. 

Turbidity  was  determined  from  daily  suspended  sediment  samples. 
Turbidity  concentrations  were  measured  with  a  Hach  2100  Laboratory 
Turbidimeter.  The  turbidity  of  these  samples,  some  of  which  had  been 
stored  up  to  30  days  or  more,  was  read  after  10  seconds  agitation. 
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These  data  were  supplemented  by  "grab"  samples  collected  during  the 
monthly  chemical  sampling,  or  more  frequently  as  necessary,  to  define 
specific  turbidity  problems.  A  candle  turbidimeter  used  early  in  the 
study  for  field  determination  by  the  U.S.  Geological  Survey  was  later 
replaced  with  a  Hach  2100. 

3.2.5  Chemical . 

Most  of  the  field  and  laboratory  chemical  analyses  were  accomplished 
by  the  U.S.  Geological  Survey  under  contract  with  either  the  Corps  of 
Engineers  or  FWPCA.  Samples  collected  prior  to  July  1969  at  stations 
7  through  10  were  analyzed  by  FWPCA  in  their  Corvallis  Laboratory, 
Corvallis,  Oregon.  A  number  of  field  determinations  were  made  by  Corps 
of  Engineers  project  personnel. 

Recognized  procedures  of  sampling  and  analysis  were  followed.  The 
U.S.  Geological  Survey  used  the  methods  of  Rainwater  and  Thatcher  (1960) 
until  1969  and  Brown,  Skougstad  and  Fishman  (1970)  throughout  the 
remainder  of  the  study.  The  FWPCA  used  methods  reported  in  Analytical 
Techniques  (FWPCA,  1969a)  and  FWPCA  Methods  for  Chemical  Analysis  of 
Water  and  Wastes  (FWPCA,  1969b)  with  Standard  Methods  for  the  Examina¬ 
tion  of  Water  and  Wastewater,  (APHA,  1973)  and  ASTM  Standards,  Part  23, 
Water;  Atmospheric  Analysis  (ASTM,  1966)  as  basic  references.  A  list¬ 
ing  of  the  methodology  employed  by  the  U.S.  Geological  Survey  is  in¬ 
cluded  in  the  appendix,  table  4. 

A  monthly  sampling  frequency  was  maintained  at  all  stations  except 
stations  2  and  4,  which  were  primarily  aquatic  insect  sampling  stations. 
Stations  3  and  5  were  sampled  on  a  daily  schedule  from  October  1967 
through  September  1969.  1/  These  daily  samples  were  composited  on 
the  basis  of  specific  conductance  using  a  discharge  -  weighted  method. 
Composited  periods  ranged  from  10  to  30  days,  necessitating  a  delay  of 
at  least  30  days  between  sampling  and  analysis. 

All  phosphorus  and  nitrogen  determinations  have  been  expressed  as 
P  and  N,  respectively. 

Daily  loadings  were  calculated  using  the  formula: 

Concentration  (mg/1)  x  mean  daily  flow  (c.f.s.)  x  2.447  “  Loading  (kg/day) 

The  validity  of  completed  analyses  was  checked  by  balancing  the 
chemical  equivalents  of  the  major  ions.  Where  the  sum  of  the  cations 
was  not  within  reasonable  proximity  to  the  sum  of  the  anions,  the 
determination  was  rerun.  Additional  checks  were  made,  wherever  possible, 
by  comparing  values  for  dissolved  solids  with  corresponding  specific 
conductance  values.  The  relationship — specific  conductance  (ymhos) 
x0.65  ±0.1  *  dissolved  solids — reported  by  Rainwater  and  Thatcher 
(1960)  as  being  applicable  to  most  waters  was  used  to  check  the  data. 
Determinations  falling  outside  the  above  range  were  rejected. 


_1/  Water  quality  characteristics  of  tributary  streams  (stations  5,  6, 
and  11)  will  be  contained  in  a  future  report. 
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Some  of  the  early  pH  determinations  at  stations  1  and  3  were  done 
in  the  laboratory  rather  than  in  the  field.  Although  the  laboratory 
data  have  been  included  with  the  analytical  field  data  in  the  appendix, 
they  were  not  used  in  the  graphs  or  for  calculation  of  CO,.  Likewise, 
total  alkalinity  as  CaCO*,  which  can  be  calculated  from  tne  laboratory 
bicarbonate  data  by  multiplying  mg/1  HC0,-1  by  0.8202,  was  not  reported 
as  total  alkalinity  unless  the  determination  was  done  in  the  field. 

3.2.6  Bottom  Fauna. 

Bottom  fauna  sampling  was  undertaken  to  determine  the  existing 
status  of  the  benthic  invertebrate  population  and  to  measure  any  changes 
occurring  during  dam  construction.  Since  previous  aquatic  insect  data 
were  not  sufficiently  definitive  for  purposes  of  comparison,  and  dam 
construction  was  already  in  progress,  two  control  areas  above  Libby  Dam 
were  selected  to  be  compared  with  two  affected  areas  below  the  dam. 

The  sites  selected  were  the  Kootenai  River  at  Rexford  (station  1),  at 
Warland  (station  2) ,  below  Libby  Dam  (station  3) ,  and  at  Lowry  Gulch 
(station  4) .  Detailed  descriptions  of  each  sampling  station  are  con¬ 
tained  in  the  appendix,  table  5. 

Two  different  types  of  samplers  were  used  in  the  aquatic  insect 
study.  The  first,  used  from  1968  through  1971,  was  a  sampler  similar 
to  that  developed  by  Waters  and  Knapp  (1961) .  This  sampler  was 
constructed  of  steel  rod  with  a  9  cm  (3.5  in)  cutting  edge  enclosing 
a  sample  area  of  0.093  sq  m  (1  sq  ft).  The .framework  had  a  height  of 
0.52  m  (1.7  ft)  and  was  covered  with  Nitex—  netting  having  a  mesh 
size  of  471  microns  (38  apertures  to  the  in).  Sampling  was  therefore 
limited  to  shallow  riffles  having  a  depth  less  than  0.5  m  (1.6  ft). 

Three  samples  were  collected  from  each  sampling  site  on  each  sampling 
date. 


The  second  method,  used  only  during  1968  and  1969,  employed  cylin¬ 
drical  substrate  samplers  as  described  by  Anderson  and  Mason  (1966) . 
These  samplers  are  cylindrical  chromium-plated  baskets  18  cm  (7  in)  in 
diameter  and  28  cm  (11  in)  long  filled  with  coarse  native  gravels  1.9 
to  5.1  cm  (0.7  -  2  in)  in  size.  The  samples  were  suspended  1  m  (3.3  ft) 
below  the  water  surface  at  quarter-points  in  the  river  by  means  of 
buoys  for  a  period  of  about  6  weeks  as  suggested  by  Mason,  Anderson 
and  Morrison  (1967).  The  samples  were  then  lifted,  placed  in  plastic 
bags  and  transported  to  the  laboratory  where  they  were  washed  through 
a  0.59  mm  sieve  (U.S.  Sieve  series  30). 

All  sorting  was  accomplished  in  the  laboratory,  occasionally  using 
rose  bengal  as  a  staining  agent  to  facilitate  sorting.  Samples  were 
preserved  in  either  10  percent  formalin  or  75  percent  ethanol.  The 
specimens  were  identified,  to  genus  if  possible,  enumerated  and  the 
various  orders  weighed  by  volumetric  displacement. 

Fluctuating  river  levels  in  spring  and  early  summer  and  anchor  ice 
in  winter  occasionally  restricted  sampling. 


U Trademark  of  Tobler,  Ernst  and  Traber,  Inc. 
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4.0  RESULTS 


Results  obtained  during  the  course  of  the  study  are  summarized 
below.  Detailed  data  for  each  parameter  and  each  of  the  sampling 
locations  can  be  found  in  the  appendix.  Published  concurrent  with  this 
report  is  a  report  by  the  British  Columbia  Pollution  Control  Branch  to 
document  the  quality  of  the  Kootenai  River  within  Canada  prior  to  river 
impoundment  (Crozier  and  Leinweber,  1975).  The  results  presented  by 
Crozier  and  Leinweber  are  for  the  period  October  1969  through  March  1972. 
To  facilitate  data  comparison,  much  of  the  water  quality  data  presented 
in  this  report  are  summarized  for  two  periods  of  time:  before  October 
1969  and  October  1969  through  March  1972. 

4.1  Physico-Chemical  Data. 

4.1.1  Discharge . 

Comparison  of  the  mean  discharge  at  the  Libby  gaging  station 
(station  7)  for  the  period  1910-72  with  calendar  years  1967  through 
1971  (table  1)  shows  that  flows  118  to  120  percent  of  normal  char¬ 
acterized  the  years  1967,  1969,  and  1971.  The  year  1968,  with  99  per¬ 
cent  of  normal,  can  be  considered  a  normal  year.  Year  1970  is  char¬ 
acterized  as  a  low-water  year,  with  streamflows  of  only  75  percent  of 
normal.  As  a  whole,  flows  during  the  study  period  appeared  only 
slightly  above  average.  The  mean  discharge  for  the  study  period 
appeared  only  slightly  above  average.  The  mean  discharge  for  the 
study  period  was  366  cu  m/sec.  (12,922  c.f.s.)  or  106  percent  of  the 
345  cu.  m/sec.  (12,170  c.f.s.)  recorded  for  the  62-year  period  of 
record.  Annual  summaries  for  other  gaging  stations,  similar  to  that 
provided  for  the  Libby  gaging  station,  are  presented  in  the  appendix, 
table  6  through  10.  Monthly  mean  discharges  were  computed  from 
daily  discharge  data  and  are  presented  in  figure  7.  Shown  in  figure 
7  is  the  downstream  increase  in  discharge  which  occurs  due  to  the 
influx  of  both  tributaries  and  ground  water,  the  magnitude  of  annual 


Table  1.  Discharge  of  the  Kootenai  River  at  Libby,  Montana, 
1967-1971. 


Calendar 

Year 

Dlschartt 

1967 

1968 

1969 

1970 

1971 

1967-71 

local  a^/aac-day 
ft3/aac-day 

1*9076 

5264530 

12**86 

*396170 

151*8* 

53*9570 

93806 

3312710 

1*9304 

5272610 

Maan  «3/aac 

ft3/»«c 

*08 

1**20 

3*0 

12010 

*15 

1*650 

257 

9076 

*09 

1*450 

366 

12922 

Mudjua  «3/«ac 

ft3/««c 

2172 

76700 

187 

66200 

1968 

69500 

1591 

56200 

19*5 

68700 

Hint—  a3/aac 
ft3/»«c 

60 

2110 

57 

2000 

57 

2000 

*7 

1650 

*8 

1700 

Far  one  62-yr  faan 

118 

99 

120 

75 

119 

106 

(1910-72:3*5  ■■»/««<:, 
12170  «t3/»ac) 
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Figure  7.  Mean  monthly  discharge  at  three  sta¬ 
tions  on  the  Kootenai  River,  1967-1971. 


variation  in  discharge,  and  the  fact  that  most  of  the  discharge  occurs 
during  the  months  of  April,  May,  and  June. 

For  the  years  1967  and  1971,  the  Kootenai  River  at  Newgate,  British 
Columbia,  shortly  before  it  enters  the  United  States,  had  a  mean 
discharge  of  309  cu  m/sec  (10,906  c.f.s.).  At  Libby  Dam  site  (station 
3),  the  river  had  increased  in  volume  to  a  mean  of  341  cu  m/sec  (12,043 
c.f.s.),  an  increase  of  10  percent,  indicating  that  about  90  percent  of 
water  passing  Libby  Dam  site  is  contributed  by  sources  outside  of  the 
United  States.  As  the  river  leaves  the  United  States  at  Porthill,  Idaho 
(station  10),  volume  had  increased  to  a  mean  of  489  cu  m/sec  (17,274  c.f.s.) 
or  by  58  percent.  About  63  percent  of  the  discharge  passing  station  10 
during  the  years  1967  through  1971  originated  in  Canada  and  37  percent  origi 
nated  in  the  United  States. 
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Of  significance  from  the  physico-chemical  and  biological  stand¬ 
points  are  the  large  seasonal  variations  in  discharge.  Maximum  and 
minimum  daily  means  1967  through  1971  ranged  from  1993  to  37  cu  m/sec 
(70,400  to  1,290  cfs)  at  Newgate,  B.C.,  and  from  2,784  to  74  cu  m/sec 
(98,300  to  2,620  cfs)  at  Porthill,  Idaho.  Extremes  for  the  62-year 
period  of  record  at  Libby  range  from  3,426  cu  m/sec  (121,000  c.f.s.) 
down  to  25  cu  m/sec  (895  c.f.s.),  a  135-fold  increase  between  extremes. 
During  the  year  of  study  a  40-fold  difference  between  the  extremes 
appeared  typical  of  the  upstream  stations  with  a  somewhat  smaller 
range  at  stations  further  downstream. 


4.1.2  Water  Temperatures. 


Water  temperatures  of  the  portion  of  the  river  within  the  United 
States  normally  remained  at  or  slightly  above  freezing  from  December 
through  February.  The  development  of  anchor  ice  was  a  common  occur¬ 
rence  during  the  winter  with  many  of  the  quiet  backwaters  forming  an 
ice  cover.  On  rare  occasions,  parts  of  the  river  have  frozen  completely 
over.  Water  temperatures  increase  slowly  with  the  approach  of  spring, 
reaching  their  peak,  in  late  July  and  early  August,  and  decline  fairly 
rapidly  in  the  fall.  Water  temperatures  were  normally  near  0°C  (32°F) 
about  3  months  of  the  year,  above  5°C  (41°F)  for  about  8  months  of  the 
year,  and  above  10°C  (50°F)  for  about  4  months  with  peak  temperatures 
of  about  20°C  (68°F) . 


Annual  temperature  means  for  station  10  for  calendar  years  1964 
through  1968  ranged  from  7.5°C  to  8.4°C  (36°-47°F)  with  a  mean  for  all 
5  years  of  8.0°C  (46.4°F).  Although  the  1969  data  are  incomplete,  the 
remaining  information  does  show  that  mean  temperatures  during  the 
months  of  June,  July,  and  August,  1970,  and  August,  1971,  were  consider¬ 
ably  above  normal.  The  August  1971  mean  of  20.1°C  (68 °F)  was  the  high¬ 
est  monthly  mean  recorded,  not  only  at  station  10,  but  at  all  the  sta¬ 
tions  upstream  of  station  10. 

The  Kootenai  River  increases  in  temperature  during  spring  and  summer 
months  with  flow  downstream;  the  greatest  difference  between  stations 
occurred  during  the  month  of  August  when,  on  the  average,  the  river  warmed 
about  1°C  (1.8°F)  for  each  95  km  (59  miles)  of  length.  During  the 
remainder  of  the  year  the  temperature  difference  between  upstream  and 
downstream  stations  was  less,  with  the  river  becoming  isothermal  during 
the  winter  months.  While  this  was  the  case  for  mean  temperatures, 
there  was  considerable  daily  variation  in  river  temperature,  probably 
due  to  tributary  inflow  and  local  climatic  conditions.  Some  of  these 
variations  can  be  noted  in  the  plots  of  mean  daily  temperature  in  the 
appendix,  figures  2  through  6. 

While  it  is  obvious  that  there  is  a  range  of  temperature  which 
spans  these  daily  means  and  that  there  is  considerable  year  to  year 
difference  between  monthly  and  annual  means,  it  should  be  noted  that 
water  temperatures  in  the  river  do  follow  a  fairly  consistent,  pre¬ 
dictable  pattern  which  varies  little  from  year  to  year.  Figure  8 
shows  the  deviation  between  temperature  extremes  and  the  1962-1971  mean. 

Spot  observations  of  river  temperature  made  between  1967  and  1972 
are  graphed  in  figure  9.  Other  than  normal  annual  fluctuations,  no 
long-term  trends  were  indicated  during  the  period  of  study. 
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°C  °F 


Figure  8.  Summary  thermograph  for  the  Kootenai  River  at  Warland, 
Montana,  1962-1971. 


ROTORD  (Station  1) 


PORT HILL -COP ELAND  (Stations  9&10) 


Figure  9.  Water  temperatures  at  three  locations  in 
the  Kootenai  River,  1967-1972. 
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4.1.3  Suspended  Sediment. 

Between  October  1967  and  September  1971  the  Kootenai  River,  near 
station  1,  contained  a  mean  (time-weighted)  suspended  sediment  concen¬ 
tration  of  39  mg/1.  Concentrations  increased  to  a  mean  of  47  mg/1,  or 
by  21  percent,  at  station  3,  dropping  to  34  mg/1  near  station  9.  Dis¬ 
charge-weighted  means,  although  considerably  higher  than  the  time- 
weighted  means,  follow  much  the  same  pattern  with  values  of  115,  140, 
and  108  mg/1  respectively.  Individual  determinations  ranged  from  1  to 
1,200  mg/1  with  high  concentrations  coinciding  with  periods  of  peak 
discharge.  Calendar  year  values  (tables  2,  3,  and  4)  show  that  con¬ 
centrations  during  a  year  of  high  water  (i.e.  1969)  were  as  much  as 
2-1/2  times  the  mean  found  during  a  low  water  year  (i.e.  1970).  These 
differences  among  years  are  depicted  in  a  graph  (fiaure  10)  of  monthly 
mean  (time-weighted)  concentrations.  Graphs  comparing  daily  concentra¬ 
tions  of  suspended  sediment  are  presented  in  the  appendix,  figures  7 
through  11.  These  data  reveal  that,  with  the  exception  of  high  concentra¬ 
tions  created  below  Libby  Dam  during  periods  of  peak  discharge  in  1968  and 
1969,  there  was  little  difference  in  suspended  sediment  concentrations 
being  carried  by  the  river  at  any  of  the  stations  sampled. 

The  suspended  sediment  load  as  calculated  from  daily  samples  and 
mean  daily  discharges  for  the  period  October  1967  through  September 
1971  totaled  4.7  x  10”  metric  tons^-'  at  station  1.  This  increased  to 
5.8  x  10”  metric  tons  at  station  3  and  6.3  x  10”  metric  tons  at  sta¬ 
tion  9.  Mean  daily  loads  were  3,242  metric  tons  at  station  1,  3,562  at 
station  2,  and  3,866  at  station  9.  This  amounts  to  an  increase  of  1.1 
x  10”  metric  tons,  or  10  percent,  between  stations  1  and  3,  and  5  x 
105  metric  tons,  or  a  9  percent  increase,  between  stations  3  and  9. 


Table  2.  Suspended  sediment  concentrations  and  loadings 
for  the  Kootenai  River  near  Rexford,  Montana  (Station  1) , 
October  1967  -  September  1971. 


Calendar  Year _  Period 


Concentration 

1968 

1969 

1970 

Oct  67-Sep  71 

Mean  (time-weighted) 
mg/1 

36 

46 

21 

39 

Mean  (discharge- 
weighted)  og/1 

104 

134 

54 

115 

Maximum  daily,  mg/1 

870 

537 

223 

870 

Minimum  daily,  mg/1 

3 

1 

2 

1 

Loadings 

Total,  tons  (metric)—^ 

1,040,118 

1,620,937 

386,878 

a,  736,800 

Mean  dally ,  cons 
(metric  )!' 

2,342 

4,441 

1,060 

3,242 

Maximum  daily,  tons 
(metric  )i' 

136 , 080 

81,557 

27,125 

136,080 

Minimum  daily,  tons 
(metric)!/ 

23 

7 

13 

7 

^/Metric  tone  x  1.102  «  tone  (short) 
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Table  3.  Suspended  sediment  concentrations  and  loadings 
for  the  Kootenai  River  below  Libby  Dam  (Station  3),  Octo¬ 
ber  1967  -  March  1972. 


_ Calendar  Tear _  _ Period _ 

Oct  67-  Oct  67- 

Concentration  1968  1969  1970  1971  Sep  71  Mar  72 

Mean  (time-weighted) 
mg/1  49  68 


Mean  (discharge- 
weighted)  mg/1 

139 

198 

Maximum  daily  mg/1 

1,200 

851 

Minimum  daily  mg/1 

1 

1 

Loadings 

To cal,  tons 
(metric)!'  1, 

414,871 

2,423,433 

Mean  daily,  tons 
(metric)!' 

3,866 

6,640 

Maximum  dally, 
cons  (metric)!' 

182,347 

144,245 

21 

47 

47 

43 

57 

131 

140 

135 

213 

692 

1,200 

1,200 

2 

2 

1 

1 

429,283 

1,561,880 

5,842,376  5,856,103 

1,176 

4,279 

3,999  3,562 

24,676 

113,400 

182,347  182,347 

Minimum  daily. , 

cons  (metric)—  11  8  7  12 


JVMecric  tons  x  1.102  «  tons  (short) 


Table  4.  Suspended  sediment  concentrations  and  loadings 
for  the  Kootenai  River  near  Copeland,  Idaho  (Station  9), 
October  1967  -  March  1972. 


Calendar  Year _  Period 


Concentration 

1968 

1969 

1970 

1971 

Oct  67- 
Sap  71 

Oct  67- 
Mar  72 

Mean  (time-weighted) 
mg/1 

27 

46 

20 

47 

34 

31 

Mean  (discharge- 
weighted)  mg/1 

76 

135 

65 

134 

108 

104 

Maximum  daily  mg/1 

573 

580 

211 

515 

583 

583 

Minimum  daily  mg/1 

1 

1 

1 

1 

1 

1 

Loadings 

Total  tons 

(metric)!'  1,046,749 

2,359,103 

666,825 

2,224,659 

6,298,772 

6,356,956 

Mean  dally  tons 
(metric)!/ 

2,860 

6,463 

1,827 

6,095 

4,311 

3,866 

Maximum  daily  tons 
(metric)!'  106,142 

117,936 

44,179 

92,534 

117,936 

117,936 

Minimum  daily  cons 
(mstrlc)l' 

9 

14 

7 

6 

6 

6 

UMatrlc  tons  x  1.102  *  tone  (short) 
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Rexford  (Sta.  1) 


Figure  10.  Monthly  mean  suspended  sediment  concentrations. 


An  overall  increase  of  1.5  x  10°  metric  tons,  or  19  percent,  in  sed¬ 
iment  loading  is  therefore  indicated  for  the  section  of  the  river  be¬ 
tween  Rexford,  Montana,  and  Copeland,  Idaho. 


Comparison  of  the  data  for  each  of  the  three  stations  (tables  2 
through  4)  shows  considerable  year  to  year  variation.  In  1968,  which 
is  considered  a  normal  year  in  terms  of  discharge,  the  Kootenai  River 
at  station  1  carried  a  total  suspended  load  of  1.0  x  10°  metric  tons. 

In  1969,  a  high-water  year,  the  load  increased  to  1.6  x  10°  metric 
tons,  or  by  60  percent.  In  the  year  which  followed,  this  dropped  to 
slightly  under  4  x  103  metric  tons,  or  by  76  percent,  demonstrating  the 
cumulative  effect  that  increases  and  decreases  in  discharge  have  upon 
sediment  loadings.  Values  for  station  3  were  consistently  higher  than 
station  1  with  1.4  x  10°  metric  tons  in  1968,  2.4  x  10^  in  1969,  and 
4.3  x  10^  in  1970.  Suspended  sediment  values  for  station  9  were  lower 
than  station  3  with  a  load  of  1.0  x  10^  metric  tons  in  1968,  nearly 
the  same  with  about  2.4  x  10°  metric  tons  in  1969,  and  considerably 
higher  in  1970  and  1971  with  7  x  l(r  and  2.2  x  10°  metric  tons 
respectively. 


The  fluctuation  in  suspended  sediment  loading  among  the  three  sta¬ 
tions  is  shown  in  table  5.  Particularly  large  increases  of  3.7  x  10^ 
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Table  5.  Amount  of  downstream  change  in  the  suspended  sedi¬ 
ment  load  carried  by  the  Kootenai  River,  October  1967-March 
1972. 

Matrlc  Tona^  Diffaranca  Batwaan 

Inclusive  Dataa  Sta.  1  and  Sta.  3  StT  3  and  Sta.  9  Sea.  1  and  Sta.  9 


Oct 

1967  -  Dec 

1967 

+  8,405 

-  13,904 

-  5,499 

Jan 

1968  -  D*c 

1968 

+374,753 

-368,122 

+  6,630 

Jan 

1969  -  Dac 

1969 

+802,497 

-  64,330 

+738,166 

Jan 

1970  -  Dac 

1970 

+  42,405 

+237,542 

+279,946 

Jan 

1971  -  Sap  1971 

-122,412 

+665,140 

+542,720 

Oct 

1967  -  Sap 

1971 

+1,105,647 

+456,325 

+1,561,972 

Occ 

1971  -  Dac 

1971 

-  2,361 

Jan 

1972  -  Mar 

1972 

+  46,925 

Oct 

1967  -  Mar 

1972 

+500,889 

^/Metric  cons  x  1.102  -  cons  (shore) 


and  8.0  x  10->  metric  tons  can  be  noted  between  stations  1  and  3  in  the 
years  1968  and  1969.  These  increases  were  not  reflected  in  the  data 
for  station  9  in  1968  and  did  not  become  apparent  there  until  1969, 

1970,  and  1971. 

It  is  evident  from  the  data  presented  that  there  was  a  considerable 
increase  in  suspended  sediment  below  Libby  Dam,  particularly  during  the 
period  of  high  discharge  in  the  years  1968  and  1969.  The  greater  part 
of  the  increase  at  station  3,  which  amounted  to  almost  1.2  x  10°  metric 
tons  during  the  1968-69  period,  is  believed  to  have  been,  in  large  part, 
caused  by  river  diversions  necessitated  by  first-  and  second-stage  coffer¬ 
dam  construction  at  the  Libby  Dam  rroject.  These  diversions,  which  were 
completed  in  November  1967  and  November  1968,  caused  only  short-term 
increases  as  they  were  completed  during  periods  of  low  flows.  Spring 
runcff,  however,  with  increased  volumes  and  velocities,  resorted  the 
bottom  materials  in  the  vicinity  of  these  diversions.  This  placed  in 
suspension  large  quantities  of  sediment,  almost  all  of  which  was  silt, 
being  of  a  grain-size  of  0.23  mm  or  smaller  (appendix,  table  21).  The 
decrease  of  1.2  x  10^  metric  tons  between  stations  1  and  3,  January 
through  September  1971,  resulted  from  settling  of  material  in  suspension 
in  the  small  pool  that  was  created  behind  the  dam  in  1971.  The  apparent 
delay  in  the  quantity  of  sediment  being  carried  by  the  river  between 
stations  3  and  9  deserves  further  study. 

4.1.4  Turbidity. 

Daily  turbidity  determinations  below  Libby  Dam  (station  3)  for 
the  period  extending  from  March  1968  through  March  1972  are  presented 
in  the  appendix,  tables  24  through  28.  These  data  are  supplemented 
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Figure  11.  Suspended  sediment  concentrations  and  turbidity  in  the  Kootenai 
River  below  Libby  Dam,  October  1967-December  1969. 


■r/1  Suspended  Sediment 


Figure  12.  Suspended  sediment  concentration  and  turbidity  in  the  Kootenai 
River  below  Libby  Dam,  January-March  1972. 
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10  December  11  December  12  December  13  December 


Figure  13.  Turbidity  created  during  second-stage  diversion,  10-13  Decem¬ 
ber  1968. 


by  monthly  and  miscellaneous  observations  (appendix  tables  29  through  32) 
made  both  above  and  below  the  dam  to  define  specific  problems. 

Turbidity  values  below  the  dam  site  closely  paralleled  the  trends 
shown  for  suspended  sediment  concentrations  (figures  11  and  12)  and 
typically  remained  at  about  five  units  or  less  during  periods  of  base 
flow.  Large  increases,  at  times  exceeding  100  turbidity  units,  appeared 
only  during  the  spring  runoff.  Maximums  of  over  170  units  occurred 
below  the  dam  in  June  1969.  Occasional  freshets  and  major  construction 
activities  created  short-term  turbidities  usually  of  25  units  or  less. 

The  highest  turbidity  recorded  during  the  study  was  225  units  on 
11  December  1968  during  second-stage  diversion  of  the  river.  Turbidity 
readings  taken  both  above  and  below  the  diversion  are  presented  in  the 
appendix,  table  33,  and  graphed  in  figure  13.  The  peak  of  the  slug  which 
passed  station  3  at  1025  hours  11  December  was  encountered  at  station  7, 
22.2  km  (13.8  miles)  downstream,  almost  10  hours  later.  The  peak  of  the 
slug  dropped  from  225  turbidity  units  at  station  3  to  125  units  at  sta¬ 
tion  7,  or  by  56  percent  during  this  period.  The  slug  widened  con¬ 
siderably  in  downstream  flow.  A  somewhat  similar  pattern  was  indicated 
during  drainage  of  the  contractor's  settling  pond  25-26  November  1969 
(appendix,  table  34).  In  both  operations,  turbidity  levels  returned 
rather  quickly  to  normal  background  levels. 

A  comparison  of  monthly  turbidity  determinations  is  shown  below: 


Fora* tin  Turbidity  Unit* 


Location 

Fariod 

n 

Maxinua 

Minis ua 

Maan 

Sea.  1 

Oct 

69  -  Mar 

72 

30 

63 

0 

6 

Sea.  3 

Oct 

69  -  Mar 

72 

30 

73 

1 

10 

Sta.  9-10  Apr 

68  -  Sap 

69 

IS 

32 

0 

6 

Oct 

69  -  Mar 

72 

23 

30 

0 

4 

29 


These  data  indicate  a  mean  increase  of  four  turbidity  units  be¬ 
tween  stations  1  and  3  for  the  period  October  1969  through  March  1972 
and  a  mean  decrease  of  six  units  between  station  3  and  9-10,  giving  a 
mean  decrease  of  two  units  between  stations  1  and  9-10. 


A  summary  of  daily  turbidity  determinations  at  station  3  covering 
the  period  from  March  1968  through  March  1972,  except  for  a  2-1/2  month 
period  in  January  to  March  1969,  is  shown  below: 


Formaain  Turbidity  Utile* 


Location 

Period 

n 

Maximum 

Minimum 

Mean 

Sta.  3 

Mar  -  Dec  1968 

306 

175 

2 

15 

Mar  -  Dec  1969 

290 

150 

1 

22 

Jan  -  Dec  1970 

365 

83 

1 

9 

Jan  -  Dec  1971 

365 

160 

1 

17 

Jan  -  Mar  1972 

91 

30 

1 

8 

Mar  68-Mar  72 

1,417 

175 

1 

15 

While  some  statistical  problems  exist  in  evaluating  the  turbidity, 
or  relative  transparency,  of  the  river  and  the  downstream  changes  which 
have  occurred,  it  is  evident  from  the  data  that  the  river  is  naturally 
turbid  during  the  high-water  period  and  particularly  during  years  of 
extremely  high  flows.  Construction  activities  undoubtedly  increased 
the  turbidity  of  the  river,  but  the  increases  appeared  limited  to  periods 
of  high  discharge,  to  occasional  short-term  additions  during  periods  of 
low  flow,  and  to  the  early  years  of  the  study  when  the  major  foundation 
work  and  river  diversions  were  being  done  at  the  Libby  Dam  project.  Even 
with  the  increased  turbidity  caused  by  the  construction  of  Libby  Dam  and 
related  road  and  railroad  relocations  on  the  Fisher  River,  monthly  tur¬ 
bidity  determinations  at  Porthill-Copeland  showed  the  water  to  be  less 
turbid  (more  transparent)  on  the  average  than  the  water  found  near 
Rexford. 


4.1.5  Color . 

True  color  of  a  water  sample  was  determined  after  the  sample  was 
clarified  by  centrifugation  to  remove  turbidity.  The  color  is  attri¬ 
butable  to  the  presence  of  such  constituents  in  the  water  as  metallic 
ions,  plankton,  and  plant  residues.  The  color  of  the  Kootenai  River 
ranged  from  0  to  25  Platinum-Cobalt  (Pt-Co)  color  units  throughout  the 
study  period.  Values  of  five  units  or  less  were  generally  characteristic 
of  the  water,  except  for  the  months  of  May  and  June  when  the  color  increased 
to  maximums  of  from  10  to  25  units.  Other  than  these  seasonal  fluctuations, 
which  coincided  with  periods  of  high  discharge,  the  color  data  exhibited 
no  particular  temporal  trends  which  might  be  indicative  of  changing 
conditions  in  the  section  of  the  river  within  the  United  States . 


Ft -Co  Unite 


Location 

Period 

n 

Maxima 

Minimum 

Mean 

Sta.  1 

Jun  67  -  Sep  69 

23 

12 

1 

3 

Oct  69  -  Mar  72 

29 

15 

0 

5 

Sta.  3 

Jun  67  -  Sap  69 

16 

10 

1 

4 

Oct  69  -  Mar  72 

30 

20 

0 

5 

Sta.  9-10  Oct  69  -  Mar  72 

23 

10 

0 

5 

30 


The  above  data  show  a  small  Increase  occurred  In  water  color  between 
station  1,  with  a  mean  of  three  units,  and  stations  9-10  with  a  mean 
of  eight  units  during  the  early  phases  of  the  study.  A  mean  of  five 
units  characterized  all  stations  during  the  latter  phase,  October  1969 
through  March  1972. 

4.1.6  Dissolved  Oxygen. 

Dissolved  oxygen  concentrations  in  the  section  of  the  Kootenai 
River  under  study  were  generally  high,  covering  a  range  of  from  8.0  to 
14.9  mg/1,  and  were  typically  near  saturation,  ranging  from  87  to  122 
percent  saturation.  Concentrations  of  10  mg/1  or  more  were  characteris¬ 
tic  of  the  river  during  all  but  the  warmest  months  of  the  year.  As  dis¬ 
solved  oxygen  concentration  fluctuates  inversely  with  water  'empera- 
ture,  the  concentrations  follow  a  definitive  pattern  of  seasonal  change. 
Figures  14  and  15  show  the  magnitude  of  these  fluctuations. 

While  there  appear  to  be  slight  differences  between  upstream  and 
downstream  sampling  stations,  there  is  no  evidence  of  any  long-term 
temporal  trends  at  any  of  the  stations  sampled. 

Comparison  of  the  dissolved  oxygen  data  from  station  1  with  the 
downstream  stations  for  the  period  October  1969  through  March  1972 
shows  a  progressive  downstream  increase  between  stations  1  and  3  and 
stations  7  and  8  with  a  decline  noted  only  between  stations  8  and  9-10. 


mg/l  Dissolved  Oxygen 
(t  Ssturstlon) 


Location 

Parlod 

a 

Maxiaua 

Minlnum 

Maan 

Sea. 

i 

Oct 

69  -  Mar 

72 

30 

13.4 

(108) 

8.4 

(87) 

11.5 

(99) 

Sea. 

3 

Oct 

69  -  Mar 

72 

30 

14.6 

(117) 

8.4 

(?-:, 

11.9 

ao3> 

Sea. 

7 

Oct 

69  -  Mar 

72 

30 

14.5 

(119) 

8.4 

(37) 

11.9 

(103) 

Sea. 

8 

Oct 

69  -  Mar 

72 

30 

14.9 

(120) 

10.1 

(99) 

12.7 

(109) 

Sea. 

9-10 

Oct 

69  -  Mar 

72 

30 

14.8 

(117) 

9.0 

(96) 

12.1 

(104) 

The  mean  concentration  of  11.5  mg/1  at  station  1  increased  to  12.7 
mg/1  at  station  8  and  dropped  to  12.1  mg/1  at  station  9.  Percent  sat¬ 
uration  increased  from  99  percent  at  station  1  to  109  percent  at 
station  8  and  dropped  to  104  percent  at  station  9-10.  Such  differences 
between  the  stations  are  neither  particularly  large  nor  of  a  magnitude 
where  a  water  quality  problem  is  suspect.  High  oxygen  concentrations 
in  the  river  indicate  the  river  was  not  only  able  to  satisfy  the  high 
respiratory  demands  of  desirable  species  of  adequate  life  but  also  was 
able  to  satisfy  demands  placed  on  the  resource  by  industrial  and  domes¬ 
tic  waste  discharges. 
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4.1.7  Biochemical  Oxygen  Demand  (BOD) . 

BOD  determinations  were  done  concurrent  with  dissolved  oxygen 
determinations  at  three  of  the  downstream  stations.  The  results 
showed  oxygen  demands  ranging  from  0.1  to  4.9  mg/1  for  the  river  as 
a  whole,  with  means  of  1.2  mg/1  at  station  7,  2.0  mg/1  at  station  8, 
and  1.6  mg/1  at  station  9-10. 


m/1  bod 


Location 

Parlod 

a 

Maxlaua 

Klolaua 

Maan 

Sta.  7 

Occ 

69  -  Mar 

72 

30 

4.8 

0.3 

1.2 

Sta.  8 

Oct 

69  -  Mar 

72 

29 

4.9 

0.5 

2.0 

Sea.  9-10 

Occ 

69  -  Mar 

72 

30 

3.7 

0.1 

1.6 

The  mean  BOD  at  station  8  (2.0  mg/1),  which  lies  downstream  from 
the  communities  of  Libby  and  Troy,  was  slightly  higher  than  the  1.2 
mg/1  at  station  7,  which  is  representative  of  the  river  above  Libby, 
and  the  1.6  mg/1  at  station  9-10,  as  the  river  leaves  the  United  States. 

4.1.8  Total  Organic  Carbon  (TOC)  . 

TOC  determinations  were  made  at  stations  7,  8,  and  9-10  beginning 
in  June  1968,  but  were  not  begun  at  stations  1  and  3  until  October  1970. 
Comparison  was  therefore  based  on  two  separate  time  periods  as  shown 
below: 


M/l  TOC 


Location 

Period 

n 

Max  law 

Minimi  jib 

Maan 

Sea. 

i 

Oct 

70  -  Mar 

72 

16 

14 

0 

4 

Sta. 

3 

Oct 

70  -  Mar 

72 

17 

18 

0 

5 

Sta. 

7 

Jun 

68  -  Sap 

70 

27 

15 

0 

3 

Oct 

70  -  Mar 

72 

12 

58 

0 

11 

Sta. 

8 

Jun 

68  -  Sap 

70 

19 

12 

0 

3 

Oct 

70  -  Mar 

72 

11 

3.5 

0 

2 

Sta. 

9-10 

Jun 

68  -  Sap 

70 

22 

14 

0 

3 

Occ 

70  -  Mar 

72 

11 

3 

1 

1 

TOC  was  generally  found  to  be  3  mg/1  or  less  with  only  occasional 
higher  values.  Means  at  stations  7,  8,  and  9-10  were  3  mg/1  from  June 
1968  through  September  1970.  Higher  values  of  4  and  5  mg/1  were  found 
at  stations  1  and  3,  respectively,  during  the  period  October  1970  through 
March  1972.  Two  extremely  high  determinations  of  58  mg/1  on  13  October 
1970  and  36  mg/1  on  9  December  at  station  7  were  recorded.  The  two 
high  values  coincided  with  high  values  for  BOD  at  station  7.  Graphs 
of  total  organic  carbon  for  stations  1,  3,  and  9-10  are  presented  in 
figure  16. 

4.1.9  £H. 

The  pH  of  the  Kootenai  River  was  generally  within  a  range  of  pH  7.0 
to  9.0.  Field  determinations  of  pH  at  stations  1,  3,  and  9-10  are  shown 
in  graphic  form  in  figure  17. 
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Dominating  features  of  the  pH  data  are  the  irregular  short-term 
fluctuations  of  the  monthly  observations  developing  into  what  appears 
to  be  evidence  of  a  long-term,  downward  trend.  A  downstream  decrease 
in  pH  as  the  river  traverses  the  United  States  is  evident.  Some  of 
the  short-term  fluctuations,  such  as  the  decline  noted  in  late  1970  and 
early  1971,  appear  to  be  characteristic  of  the  river  system  as  a  whole 
in  that  the  pH  was  noted  to  decline  at  each  of  the  sampling  stations. 
Other  fluctuations  seem  to  be  purely  local  in  nature  with  low  pH  at 
only  one  or  two  of  the  stations  while  the  values  elsewhere  were  high. 
The  abrupt  decline  to  a  pH  of  6.0  at  station  9  in  March  1972,  which 
happens  to  be  the  minimum  pH  value  found  during  the  study,  fits  the 
latter  category. 

While  the  specific  causes  of  these  local  short-term  changes  in  pH 
are  difficult  to  evaluate,  it  should  be  noted  that  the  pH  at  all  sta¬ 
tions  was  generally  high  and  at  no  time  did  it  enter  the  range  where 
it  might  be  expected  to  have  a  detrimental  effect  upon  water  uses  and 
aquatic  life. 

4.1.10  Total  Alkalinity  -  Bicarbonates . 

Field  analyses  of  total  alkalinity,  expressed  as  CaCO-,  ranged 
from  54  mg/1  to  152  mg/1  in  the  portion  of  the  Kootenai  River  under 
study.  Maximum,  minimum,  and  mean  total  alkalinities  at  three  of  the 
sampling  locations  are  shown  below: 


Location 

Period 

n 

Sea. 

1 

Oce 

69  -  Mar  72 

28 

Sta. 

3 

Oct 

69  -  Mar  72 

28 

Sea. 

9-10 

Mar 

Oct 

68  -  Sep  69 

69  -  Mar  72 

17 

30 

ma/1  Total  alkalinity  aa 

CaCO. 

Maximum 

Minimum 

Mean' 

IS  2 

75 

115 

142 

66 

110 

114 

59 

83 

122 

54 

98 

Comparison  shows  that  the  total  alkalinity  of  the  river  decreased 
from  a  mean  of  115  mg/1  at  station  1  to  98  mg/1  at  station  9  during  the 
period  from  October  1969  through  March  1972. 

Prior  to  October  1969,  alkalinity  determinations  for  stations  1  and 
3  were  analyzed  in  the  laboratory  and  reported  as  bicarbonate  (HCO3) 
and  carbonate  (C03)  ions.  At  other  stations  alkalinities  as  CaCO^  were 
reported.  For  purpose  of  comparison,  alkalinities  were  converted  to 
bicarbonate  ions.  The  resultant  bicarbonate  data,  which  combine  both 
field  and  laboratory  analyses,  are  shown  in  graphic  form  in  figure  18. 

This  information  shows  that  bicarbonate  concentrations  fluctuated 
seasonally  during  the  preimpoundment  period  with  highest  concentrations 
occurring  during  periods  of  base  flow  in  midwinter  and  lowest  concen¬ 
trations  occurring  during  the  period  of  peak  runoff  in  the  late  spring. 
Water  entering  the  United  States  near  station  1  normally  had  a  higher 
bicarbonate  content  and  thus  a  higher  "buffering"  capacity  than  waters 
leaving  the  United  States.  The  downstream  decrease  was  progressive, 
implicating  tributary  dilution  with  waters  of  lower  alkalinity.  It  is 
significant  to  note  that  the  highly  alkaline  concrete  wastes  from  dam 
construction  had  little,  if  any,  effect  upon  the  rivers'  bicarbonate  con¬ 
centration. 
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4.1.11  Carbon  Dioxide  (CO^). 


Field  pH  and  alkalinity  determinations  were  used  to  estimate  the 
amount  of  free  CO2  in  solution.  Although  the  calculations  show  the 
river  as  having  a  relatively  wide  range  of  from  0.4  to  105.6  mg/1  free 
C(>2,  most  determinations  were  under  4  mg/1.  The  values  obtained  are 
summarized  below: 


Location 

Period 

a 

Haxlaua 

ai/1  CO. 
Minima 

Maan 

3.8 

Sea. 

1 

Oce 

69  -  Mar  72 

27 

20.3 

0.5 

Sea. 

3 

Oct 

69  -  Mar  72 

28 

16.0 

0.6 

3.4 

Sea. 

9-10 

Mar 

68  -  Sap  69 

17 

6.3 

0.8 

2.4 

Oct 

69  -  Mar  72 

80 

105.6 

0.5 

10.0 

High  CO.  concentrations  appeared  to  occur  more  frequently  during 
the  fall  and  winter  months  than  during  the  rest  of  the  year  and  more 
frequently  at  the  downstream  stations  than  those  upstream. 

4.1.12  Total  Dissolved  Solids  -  Specific  Conductance. 

Determinations  of  specific  conductance  and  the  amount  of  total 
dissolved  solids,  or  to  be  more  precise  the  filterable  residue,  in  the 
water  were  made  at  a  number  of  the  sampling  stations  on  the  Kootenai 
River.  A  summary  of  the  results  from  three  of  these  stations  is  pre¬ 
sented  in  figure  19  and  tabulated  below: 


ag/l  total  dissolved  solids 


(Specific  Conductance  uahoa/ca  2! 

Location 

Period 

a 

Maxima 

Minima 

Mean 

Sta. 

1 

June  67  -  Sap  69 

24 

349 

122 

193 

24 

(522) 

(216) 

(315) 

Oct  69  -  Mar  72 

30 

252 

112 

184 

27 

(411) 

(195) 

(327) 

Sea. 

3 

Jun  67  -  Sap  69 

16 

338 

122 

190 

16 

(511) 

(199) 

(304) 

Oct  69  -  Mar  72 

32 

226 

118 

182 

31 

(372) 

(190) 

(302) 

Sea. 

9-10 

Mar  68  -  Sap  69 

16  1/ 

179 

91 

136 

16 

(300) 

(150) 

(224) 

Oce  69  -  Mar  72 

30  1/ 

189 

83 

147 

30 

(311) 

(129) 

(242) 

The  concentration  of  total  dissolved  solids  ranged  from  a  maximum 
of  349  mg/1  at  station  1  in  December  1967  to  a  minimum  of  83  mg/1  for 
station  9  in  March  1972.  The  total  dissolved  solids  data  indicate  down¬ 
stream  dilution  as  the  river  traverses  the  United  States.  Specific  con¬ 
ductance,  as  might  be  expected,  follows  practically  the  same  pattern  in 
the  Kootenai  River  as  seen  in  dissolved  solids.  Values  range  from  522 
umhos  at  station  1  to  129  timhos  at  station  9. 


\J Estimates  based  partially  or  wholly  on  conductance  values. 
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Figure  20.  Specific  conductance  for  the  Kootenai  River  below  Libby  Dam, 
1967-1972. 


Figure  19  indicates  that  conductance  and  dissolved  solids  concen¬ 
trations  were  significantly  higher  in  the  winter  of  1967-68  than  during 
the  remaining  years  of  study.  Daily  determinations  of  specific  conduc¬ 
tance  at  station  3  for  the  period  October  1967  through  September  1969 
are  contained  in  the  appendix,  table  35.  A  graph  of  that  information 
(figure  20)  indicates  not  only  the  high  conductance  values  which  charac¬ 
terized  the  winter  of  1967-68,  but  also  a  rather  abrupt  decrease  which 
occurred  between  the  17th  and  18th  of  September  1968  when  the  conduc¬ 
tance  dropped  from  356  pmhos  to  287  pmhos . 

The  abnormally  high  conductivity  values  observed  from  the  beginning 
of  the  study  through  September  1968  can  be  attributed  to  industrial 
waste  discharges  in  Canada  and  the  decline  attributed  to  efforts  to  control 
the  wastes  discharged  to  the  river  system.  Since  October  1968,  total 
dissolved  solids  concentrations  and  conductance  values  have  remained 
relatively  stable,  apparently  fluctuating  only  with  variations  in  dis¬ 
charge  . 

4.1.13  Hardness . 

The  water  of  the  Kootenai  River  is  moderately  hard  to  hard.  Total 
hardness  concentrations,  reported  as  CaC0~,  ranged  from  273  mg/1  at 
station  1  in  December  1967  to  64  mg/1  at  station  9  in  May  1970.  A  sum¬ 
mary  of  the  data  for  three  of  the  stations  sampled  is  shown  below: 

m/1  Tool  Hatdaaaa 


Location 

Parlod 

o 

Maxlaua 

Minima 

Maan 

Sta.  1 

Jua  67  -  Sap  69 

24 

273 

103 

157 

Oee  69  -  Mat  72 

30 

194 

91 

130 

Sta.  3 

Jua  67  -  Sap  69 

16 

263 

101 

152 

Oct  69  -  Mar  72 

30 

164 

82 

146 

Sta.  9 

Apr  66  -  Sap  69 

13 

236 

80 

131 

Oct  69  -  Mar  72 

23 

132 

64 

121 
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Total  hardness  follows  the  same  general  trends  established  for 
total  dissolved  solids.  Peak  concentration,  which  exceeded  250  mg/1 
over  the  winter  of  1967-68,  declined  and  fluctuated  throughout  the 
remainder  of  the  preimpoundment  period  around  a  mean  of  from  120  to  150 
mg/1. 


Noncarbonate  hardness,  which  reached  137  mg/1  at  station  1  in 
December  1967,  did  not  exceed  50  mg/1  at  any  of  the  stations  after 
October  1968  and  was  noted  to  reach  zero  at  some  of  the  downstream  sta¬ 
tions  during  the  latter  part  of  the  study. 

4.1.14  Calcium  (Ca) . 

Calcium  is  among  the  most  common  of  the  substances  in  water  and  is 
usually  more  abundant  than  any  of  the  other  alkaline-earth  metals.  As 
is  magnesium,  Ca  is  essential  to  plant  growth  and  is  among  the  least 
toxic  cations  in  the  aquatic  environment.  Calcium  was  found  to  be  the 
dominant  cation  in  the  Kootenai  River.  Calcium  concentrations  ranged 
from  a  maximum  of  85  mg/1  at  station  1  in  December  1967  to  18  mg/1  at 
station  9  in  March  1972.  A  summary  of  the  data  for  three  of  the  stations 
sampled  is  shown  below: 


ag/1  Ca 


Location 

Period 

a 

Maxima 

Minima 

Maan 

Sea.  1 

Jun  67  -  Sep  69 

24 

35 

31 

45 

Oct  69  -  Mar  72 

30 

51 

26 

41 

Sea.  3 

Jun  67  -  Sap  69 

16 

81 

30 

44 

Oct  69  -  Mar  72 

30 

50 

23 

40 

Sea.  9-10 

Oct  69  -  Mar  72 

19 

41 

18 

32 

Mean  Ca  concentrations  ranged  from  40  to  45  mg/1  as  the  river  entered 
the  United  States  to  about  30  mg/1  as  it  left  the  country. 


Calcium  concentrations  obtained  during  the  course  of  the  study  are 
graphed  in  figure  21.  It  is  significant  to  note  here  that  the  trend 
for  Ca,  as  did  that  for  total  hardness,  parallels  that  previously  noted 
for  total  dissolved  solids. 


4.1.15  Magnesium  (Mg) . 


Magnesium  concentrations  ranged  from  16  mg/1  at  stations  1  and  3  in 
January  1970  to  4.6  mg/1  at  station  9  in  May  1971.  A  summary  of  the 
data  for  three  of  the  stations  sampled  is  shown  below: 


Location 

Period 

n, 

Maximal 

Min lata 

Maan 

Sta.  1 

Jun  67  -  Sap  69 

24 

15 

6.3 

11 

Oct  69  -  Mar  72 

30 

16 

6.3 

12 

Sea.  3 

Jun  67  -  Sap  69 

16 

15 

6.3 

10 

Oct  69  -  Mr  72 

30 

16 

6.0 

12 

Sta.  9-10  Oct  69  -  Mar  72 

19 

12 

4.6 

9.3 
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Magnesium  concentrations  averaged  about  12  mg/1  as  the  river  entered 
the  United  States,  diluting  downstream  to  9  mg/1  as  the  river  re-entered 
Canada.  A  graph  of  Mg  concentrations  is  shown  in  figure  22.  An  inter¬ 
esting  feature  of  Mg  is  that  concentrations  remained  relatively  stable 
throughout  the  study  period,  apparently  lacking  the  high  concentrations 
which  characterized  some  of  the  other  parameters  such  as  Ca. 

4.1.16  Sodium  (Na) . 

Sodium  concentrations  ranged  from  6.9  mg/1  at  station  3  in  November 
1970  to  0.8  mg/1  at  station  3  in  June  1971.  A  summary  of  the  data  for 
three  of  the  stations  sampled  is  shown  below: 


mg/l  to 


Location 

Period 

n 

Maxima 

Minimum 

Mean 

Sta.  1 

Jun  67  -  Sep  69 

24 

4.2 

1.1 

2.7 

Occ  69  -  Mar  72 

30 

6.3 

1.1 

4.0 

Sea.  3 

Jua  67  -  Sep  69 

16 

3.8 

1.0 

2.6 

Oct  69  -  Mar  72 

30 

6.9 

0.8 

4.0 

Sea.  9-10 

Apr  68  -  Sep  69 

15 

3.6 

1.0 

2.3 

Oct  69  -  Mar  72 

14 

4.6 

1.5 

3.2 

Sodium  concentrations,  which  averaged  2.7  mg/1  at  station  1  during 
the  earlier  phase  of  the  study,  increased  to  4.0  mg/l  in  the  later  phase. 
Figure  23  shows  this  increase  being  reflected  throughout  the  system. 
Highest  concentrations  appeared  during  the  winters  of  1969-70  and 


1970-71. 


4.1.17  Potassium  (K) . 

Potassium  concentrations  ranged  from  2.8  mg/l  at  station  3  in 
December  1971  to  0.2  mg/l  at  station  1  in  June  1971.  A  summary  of 
the  data  for  three  of  the  stations  is  shown  below: 


Location 

Period 

n 

Maximum 

■lA  * _ 

Minimum 

Mean 

Sea.  1 

Jun 

67  -  Sep  69 

24 

1.2 

0.4 

0.8 

Oct 

69  -  Mar  72 

30 

1.4 

0.2 

0.8 

Sta.  3 

Jun 

67  -  Sep  69 

16 

2.0 

0.5 

1.0 

Oct 

69  -  Mar  72 

30 

2.8 

0.4 

0.9 

Sta.  9-10 

Mar 

67  -  Sep  69 

16 

1.0 

0.5 

0.8 

Oct 

69  -  Mar  72 

20 

1.6 

0.3 

0.9 

Mean  K  concentration  ranged  from  0.8  to  1.0  mg/l  at  the  various 
stations  sampled.  The  apparent  stability  of  K  ion  concentrations  is 
shown  in  figure  24.  Unlike  many  of  the  other  chemical  parameters,  K 
did  not  appear  to  follow  any  seasonal  or  long-term  trends  and  concen¬ 
trations  entering  the  United  States  are  roughly  the  same  as  concentra¬ 
tions  leaving  the  United  States. 

4.1.18  Sulfate  (SO/.). 

Sulfate  concentrations  in  the  Kootenai  River  ranged  from  138  mg/l 
to  11  mg/l.  A  summary  of  the  data  for  three  of  the  stations  sampled 
is  shown  below: 
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Location 


Pnrlod 


r. 


Sea. 

1 

Jun 

67 

-  Sap 

69 

Oct 

69 

-  Mar 

72 

Sta. 

3 

Jun 

67 

-  Sap 

69 

Oct 

69 

-  Mar 

72 

Sea. 

9-10 

Apr 

68 

-  Sap 

69 

Oct 

69 

-  Mar 

72 

m/1  so 


a 

Maxlaua 

Minina 

Maan 

24 

138 

12 

49 

30 

51 

12 

36 

16 

133 

12 

36 

30 

51 

11 

34 

15 

58 

14 

30 

18 

53 

13 

27 

A  graph  of  the  SO4  concentrations  is  shown  in  figure  25.  Sulfate  is 
one  of  the  major  anions  in  freshwater  and  the  second  most  abundant 
anion  in  the  Kootenai  River,  exceeded  in  quantity  only  by  bicarbonates. 
Unlike  bicarbonates,  however,  which  have  remained  rather  stable,  SO4 
concentrations  have  undergone  fluctuations  similar  to  those  experienced 
by  the  major  cation  Ca.  Following  the  peaks  in  SO4  concentration  exper¬ 
ienced  early  in  the  study,  concentrations  have  varied  between  11  and  53 
mg/1  with  little  difference  in  range  among  sampling  stations,  although  the 
mean  for  downstream  stations  was  less  than  that  for  upstream  stations. 

A  summary  of  SO4  for  the  upstream  and  downstream  stations  on  the 
Kootenai  River  in  the  United  States  is  presented  below: 


SO/.  Loading 

.  Matric  Tona/Day 

Location 

Parlod 

n 

Maxlaua 

Miniaua 

Maan 

Sea.  1 

Jun  67  -  Dae  67 

6 

2,200 

379 

1,163 

1968  Calandar  yaar 

9 

2,384 

378 

1,159 

1969  Calandar  yaar 

12 

1,683 

307 

666 

1970  Calandar  yaar 

12 

1,249 

146 

509 

1971  Calandar  yaar 

12 

1,853 

257 

649 

Sea.  9-10 

Mar  68  -  Dae  68 

10 

3,793 

492 

1,368 

1969  Calandar  yaar 

6 

2.799 

295 

976 

1970  Calandar  yaar 

6 

1.117 

408 

612 

1971  Calandar  yaar 

9 

874 

256 

470 

An  approximate  50  percent  decrease  in  mean  daily  SO4  loading  in  the 
river  occurred  after  1968. 

4.1.19  Chloride  (Cl). 

Chloride  concentrations  ranged  from  7.1  mg/1  at  station  1  in  December 
1971  to  less  than  1.0  mg/1  at  station  10  on  a  number  of  occasions  during 
1968  and  1969.  A  summary  of  these  data  for  three  of  the  stations  sampled 
is  shown  below: 


J 

m/1  Cl _  1 

Minimum  Mean  ! 


Location 

Period 

n 

Maxlaua 

Miniaua 

Maan 

Sea.  1 

Jun 

67  -  Sap  69 

24 

3.0 

0.4 

1-8  1 

Oce 

69  -  Mar  72 

30 

7.1 

1.1 

2.7  1 

Sea.  3 

Jun 

67  -  Sap  69 

16 

2.8 

0.8 

1.8  i 

Oct 

69  -  Mar  72 

29 

6.0 

1.0 

3.5  j 

Sea.  9-10 

Apr 

68  -  Sap  69 

15 

3.0 

1.0 

1.7 

Oct 

69  -  Mar  72 

23 

4.5 

1.4 

3.1 

.1 


Mean  Cl  concentrations  at  station  1  Increased  froa  1.8  mg/1  during 
the  early  phase  of  the  study  to  2.7  mg/1  during  the  later  phase,  with 
the  downstream  stations  reflecting  increases  of  similar  magnitude.  A 
graph  of  the  Cl  data  is  shown  in  figure  26.  The  temporal  increases 
noted  in  Cl  ions  parallel,  in  many  respects,  increases  noted  in  the 
Na  ion. 

4.1.20  Fluoride  (F) . 

Fluoride  concentrations  in  the  river  were  high,  with  mean  concentra¬ 
tions  of  0.6  -  0.8  mg/1.  Lower  concentrations  characterized  downstream 
stations,  indicating  dilution  as  the  river  flowed  through  the  United 
States.  A  graph  of  F  concentrations  for  stations  1,  3,  and  9-10  is  pre¬ 
sented  in  figure  27.  A  summary  of  the  data  for  these  stations  is  shown 
below: 


Location 

Parlod 

n 

Maxima 

jml/.1  * _ 

Minima 

Maan 

Sta.  1 

Jun 

67  -  Sap  69 

24 

3.4 

0.0 

0.9 

Oct 

69  -  Mar  72 

30 

1.6 

0.1 

0.8 

Sta.  3 

Jun 

67  -  Sap  69 

16 

2.0 

0.2 

0.7 

Oct 

69  -  Mar  72 

30 

1.5 

0.2 

0.7 

Sta.  9-10 

Mar 

67  -  Sap  69 

_ 

_ 

_ 

Oct 

69  -  Mar  72 

13 

1.1 

0.2 

0.6 

As  can  be  seen  in  figure  27.  there  was  a  decline  in  observed  peak  F 
concentrations  after  mid-1968.  The  decline  in  F  in  the  river  is  also 
reflected  in  the  loading  data,  tables  47-49  of  the  appendix.  For  example, 
the  mean  F  loading  at  station  1  for  June  1967-December  1968  is  21.4  metric 
tons/day  and  for  January  1969-March  1972  it  is  calculated  to  be  11  metric 
tons/day. 

4.1.21  Silica  (SiO->). 

Silica  concentrations  observed  range  from  10  mg/1  at  station  10 
in  April  1969  to  0.8  mg/1  at  station  3  in  August  1970.  Silica  concen¬ 
trations  monitored  at  stations  1,  3,  and  9-10  are  graphed  in  figure  28 
and  a  summary  of  the  data  for  these  stations  is  presented  below: 


Location 

Parlod 

ft 

_ M/l  SiO, 2 _ 

Maxiaua  Minima 

Maan 

Sta.  1 

Jun 

67  -  Sap  69 

24 

8.5 

4.1 

5.9 

Oct 

69  -  Mar  72 

30 

7.7 

1.3 

5.7 

Sea.  3 

Jun 

67  -  Sap  69 

16 

8.3 

2.8 

6.0 

Oct 

69  -  Mar  72 

30 

8.9 

0.8 

5.8 

Sea.  9-10 

Mar 

68  -  Sap  69 

16 

10.0 

3.2 

6.9 

The  mean  Si02  concentrations  for  these  three  stations  ranged  from  5.8 
to  6.9  mg/1  with  the  higher  value  characterizing  the  downstream  stations. 
While  Si02  concentrations  appear  to  demonstrate  some  of  the  trends  charac¬ 
teristic  of  parameters  such  as  Ca,  the  decline  appeared  to  be  more 
gradual,  occurring  over  a  period  of  years  and  culminating  in  the  low 
concentrations  noted  in  the  summer  of  1970. 


4.1.22  Phosphorus . 

A  plot  of  total  and  ortho  P  concentrations  for  the  study  period 
for  stations  1,  3,  and  9-10  is  presented  in  figure  29  and  a  sumary 
of  P  data  is  presented  below: 


m/1  Ortho-P 


Location 

Parlod 

a 

Maximum 

Minimum 

Maan 

Sta.  1 

Oct 

67  - 

Doc 

67 

3 

0.92 

0.07 

0.52 

1968 

10 

0.97 

0.14 

0.42 

1969 

10 

0.26 

0.01 

0.08 

1970 

12 

0.35 

0.04 

0.12 

1971 

12 

0.17 

0.01 

0.06 

Jan 

72  - 

Mar 

72 

3 

0.15 

0.06 

0.11 

Sta.  3 

Oct 

67  - 

Doc 

67 

4 

0.53 

0.08 

0.37 

1968 

9 

1.08 

0.11 

0.48 

1969 

10 

0.23 

0.01 

0.11 

19  70 

12 

0.37 

0.01 

0.12 

1971 

12 

0.16 

0.00 

0.07 

Jan 

72  - 

Mar 

72 

5 

0.13 

0.01 

0.08 

Sta.  9-10 

Mar 

68  - 

Doc 

68 

11 

0.25 

0.05 

0.15 

1969 

6 

0.18 

0.022 

0.06 

1970 

6 

0.13 

0.06 

0.10 

1971 

12 

0.10 

0.00 

0.05 

Jan 

72  - 

Mar 

72 

3 

0.13 

0.02 

0.07 

M/1  Total  dlaaolvad  P 


Location 

Parlod 

n 

Maximum 

Minima 

Maan 

Sta.  1 

Oct 

57  - 

Oac 

67 

3 

0.94 

0.09 

0.55 

1968 

9 

1.09 

0.17 

0.49 

1969 

10 

0.34 

0.03 

0.16 

1970 

9 

0.15 

0.04 

0.09 

Sta.  3 

Oct 

67  - 

Oac 

67 

4 

0.72 

0.09 

0.55 

1968 

8 

1.20 

0.15 

0.52 

1969 

10 

0.49 

0.02 

0.15 

1970 

9 

0.18 

0.04 

0.10 

Sta.  9-10 

1969 

6 

0.18 

0.00 

0.09 

19  70 

12 

0.17 

0.01 

0.07 

1971 

12 

0.13 

0.00 

0.07 

Jan 

72  - 

Mar 

72 

3 

0.14 

0.05 

0.09 

m/1  Total  P 


Location 

Parlod 

o 

Maximum 

Minimum 

Maan 

Sta.  1 

Oct 

69  - 

Dae  69 

3 

0.33 

0.14 

0.21 

1970 

12 

0.41 

0.05 

0.21 

1971 

10 

0.31 

0.04 

0.18 

Jan 

72  - 

Mar  72 

3 

0.22 

0.16 

0.19 

Sta.  3 

Oct 

69  - 

Dac  69 

3 

0.55 

0.19 

0.34 

1970 

12 

0.4J 

0.08 

0.20 

1971 

11 

0.27 

0.04 

0.16 

Jaa 

72  - 

Mar  72 

5 

0.18 

0.11 

0.14 

Sta.  9-10 

Mar 

68  - 

Doc  68 

11 

0.33 

0.072 

0.20 

1969 

9 

0.18 

0.01 

0.09 

1970 

12 

0.20 

0.02 

0.09 

1971 

11 

1.10 

0.05 

0.19 

Jaa 

72  - 

Mar  72 

3 

0.15 

0.11 

0.13 
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Figure  29.  Total  and  ortho-phosphorus  concen¬ 
trations  in  the  Kootenai  River,  1967-1972. 


As  shown  in  figure  29  and  reflected  in  the  above  table,  there  was  a 
significant  reduction  in  P  levels  in  the  river  after  1968.  Ortho-P 
concentrations  in  1968  reached  as  high  as  0.97  mg/1  at  station  1  and 
1.08  mg/1  at  station  3.  After  1968,  peak  ortho-P  concentrations  were 
0.35  and  0.37  mg/1  for  stations  1  and  3,  respectively.  The  mean 
ortho-P  concentration  decreased  from  0.44,  0.45,  and  0.15  mg/1  at 
stations  1,  3,  and  9-10,  respectively  in  1967-1968,  to  0.09,  0.10,  and 
0.07  mg/1,  respectively,  after  1968. 

Lower  mean  ortho  and  total  dissolved  P  concentrations  were  more 
characteristic  of  the  downstream  stations  in  the  Kootenai  River  than 
upstream  stations. 

Phosphorus  loading  in  the  Kootenai  River  for  the  days  sampled  are 
presented  in  the  appendix  (tables  47,  48,  and  49)  and  summarised  below: 
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Ortho  P  Loading 
metric  coni /day 


Location 

Period 

n 

Maximum 

Minimum 

Mean 

Sta.  1 

1968 

10 

33.2 

1.9 

9.2 

1969 

10 

4.0 

0.1 

1.4 

1970 

12 

3.9 

0.2 

1.7 

1971 

12 

9.2 

0.1 

1.7 

Sea.  3 

1968 

9 

29.1 

3.2 

10.2 

1969 

10 

6.5 

0.2 

1.8 

1970 

12 

4.4 

0.1 

2.0 

1971 

12 

9.6 

0.0 

1.8 

Sea.  9-10 

Mar  68  -  Dac  68 

11 

2.9 

0.6 

1.8 

1969 

6 

4.0 

0.6 

1.8 

1970 

6 

3.0 

1.0 

1.5 

1971 

12 

5.6 

0.0 

1.5 

Total  t  Loading 
Matric  Tons /Day 


Location 

Period 

a 

Maximum 

Minimum 

Mean 

Sta.  1 

1970 

12 

32.0 

0.3 

5.5 

1971 

10 

46.3 

1.3 

7.5 

Sea.  3 

1970 

12 

42.8 

0.5 

5.9 

1971 

11 

28.4 

0.4 

5.8 

Sea.  9-10 

Mar  68  -  Dec  68 

11 

6.3 

1.6 

3.2 

1969 

9 

30.0 

0.1 

5.2 

1970 

12 

7.7 

0.1 

2.4 

1971 

11 

16.0 

1.2 

4.7 

The  sharp  reduction  In  P  level  in  the  Kootenai  River  after  1968  Is 
demonstrated  by  the  ortho-P  loading  data.  Mean  ortho-P  loading  at  sta¬ 
tions  1  and  3  decreased  from  9.2  and  10.2  metric  tons/day,  respectively. 
In  1968,  to  1.4-1. 7  and  1. 8-2.0  metric  tons/day,  respectively.  In  1969, 
1970  and  1971.  Such  a  dramatic  reduction  was  not  as  evident  at  stations 
9-10. 

A  reduction  in  the  average  daily  amount  of  P  being  carried  by  the 
river  in  Its  flow  through  the  United  States  is  indicated  by  the  loading 
data. 


Annual  P  loading  was  estimated  by  summation  of  computed  daily  load¬ 
ing  which  is  calculated  using  mean  dally  discharge  and  estimated  daily 
P  concentrations  as  computed  from  linear  Interpolation  of  observed  data. 
Estimated  annual  loadings  for  stations  1  and  3  are  presented  below: 


Metric 

Tons  Total  F/Taar 

Sta.  1 

Sta.  3 

1970 

calendar  yaar 

1,827 

1,905 

1971 

calendar  yaar 

— 

1,924 

Metric 

Tons  Ortho-P /Tear 

Sea.  1 

Sta.  3 

1968 

calendar  yaar 

3,225 

3,259 

1969 

calendar  yaar 

840 

816 

1970 

calendar  yaar 

595 

688 

1971 

calendar  yaar 

— 

705 

The  sharp  decrease  after  1968  of  P  being  carried  by  the  river  as  it 
enters  the  United  States  is  shown  by  the  data.  After  1968,  loading 
remained  rather  stable.  In  the  order  of  2,000  metric  tons  per  year 
total  P,  about  35  percent  being  ortho-P,  is  expected  to  enter  Lake 
Koocanusa  annually  upon  impoundment  of  the  river  if  loading  remains 
consistent  with  that  estimated  for  1969,  1970,  and  1971. 

4.1.23  Nitrogen  (N) . 

The  four  forms  of  N  sampled  during  the  study  were  ammonia  (NH^-N) , 
nitrite  (NO2-N) ,  nitrate  (NO^-N) ,  and  organic  N  which,  in  sum,  provide 
an  estimate  of  the  total  N  present  in  the  water. 

Nitrites  are  unstable  in  the  presence  of  dissolved  oxygen  and  are 
quickly  oxidized  to  NO3.  As  would  be  expected,  NO2-N  was  generally 
found  to  be  below  detectable  limits  in  the  highly  oxygenated  waters  of 
the  Kootenai  River  and  on  the  average  represented  2  percent  of  the  total  N. 

Ammonia  Nitrogen  (NH^-N) 

Ammonia  nitrogen  concentrations  ranged  from  0.93  mg/1  (station  8, 

March  1971)  to  undetectable  levels,  with  undetectable  levels  occurring 
rather  frequently  at  stations  throughout  the  river  system.  A  summary 
of  NH3-N  concentrations  at  three  of  the  sampling  stations  is  presented 
below: 


Location 

Parlod 

n 

Q 

Maximum 

>*/l  NH.-JJ 
Minimum 

Mean 

Sea.  1 

Oct 

69  -  Mar  72 

30 

.37 

.00 

.11 

Sta.  3 

Oct 

69  -  Mar  72 

30 

.36 

.00 

.08 

Sta.  9-10 

Mar 

68  -  Sep  69 

16 

.12 

.01 

.05 

Oct 

69  -  Mar  72 

30 

.21 

.00 

.07 

Ammonia  concentrations  have  been  graphed  in  figure  30;  no  long-term 
trends  are  indicated. 

Nitrate  Nitrogen  (NO^-N) . 

Nitrate  nitrogen  concentrations  ranged  from  2.0  mg/1  at  station  8 
in  March  1972  to  below  detectable  limits.  Concentrations  observed  at 
three  of  the  stations  sampled  are  graphed  in  figure  30  and  summarized 
below: 


Location 

Period 

n 

Maxlaum 

Minim 

Maan 

Sta.  1 

Oct 

69  -  Mar  72 

30 

.28 

.00 

.14 

Sea.  3 

Oct 

69  -  Mar  72 

30 

.79 

.00 

.16 

Sea.  9-10 

Mar 

68  -  Sap  69 

17 

.25 

.01 

.09 

Oct 

69  -  Mar  72 

30 

.46 

.00 

.09 

50 


Figure  30.  Ammonia  nitrogen  and  nitrate  nitro¬ 
gen  concentrations  In  the  Kootenai  River,  1967- 
1972. 


A  decrease  in  NO3-N  concentration  as  the  river  flows  through  the 
United  States  is  Indicated  by  the  data.  Seasonal  trends  which  occurred 
at  all  stations  differ  somewhat  from  the  parameters  previously  discussed 
in  that  minimum  concentrations  occur  in  late  summer  and  early  fall, 
rather  than  during  the  usual  April  to  June  period  of  peak  stream-flow. 

Organic  Nitrogen. 

Concentration  of  organic  N  ranged  from  2.9  mg/1  at  station  9  in 
January  1972  to  below  detectable  limits  on  a  number  of  occasions,  mostly 
in  1970  and  1971.  A  summary  of  the  determinations  made  at  three  of 
the  sampling  stations  is  shown  below: 


Location 

Pariod 

a 

ac/1  Organic  N 
Maxima  Minima 

Maan 

Sta.  1 

Oct 

69  -  Mar  72 

30 

0.41  0.00 

0.13 

Sta.  3 

Oct 

69  -  Mar  72 

30 

0.31  0.00 

0.14 

Sta.  9-10 

Mar 

68  -  Sap  69 

16 

0.69  •<  0.04 

■*  0.28 

Occ 

69  -  Mar  72 

28 

0.40  0.00 

0.09 

Mean  organic  N  concentrations  for  the  period  October  1969  through 
March  1972  were  0.13  mg/1  at  station  1,  0.14  mg/1  at  station  3,  and  0.09 
mg/1  at  stations  9-10. 

Total  Nitrogen. 

Estimated  total  N  concentration  (the  sum  of  the  organic  and  inorganic 
components)  is  graphed  in  figure  31.  In  general,  concentrations  of  both 
organic  and  inorganic  N  are  higher  in  the  upstream  areas  than  downstream. 
On  the  average,  organic  N,  NO3-N,  NO2-N,  and  NH3-N  at  station  1  was  34, 
38,  2,  and  26  percent  of  total  N,  respectively.  At  stations  9-10  the 
mean  percent  of  total  N  that  was  organic  increased  to  39  percent,  while 
the  percent  that  was  NO3-N  and  NH3-N  decreased  to  36  and  23  percent, 
respectively.  There  is  indication  that  N  concentrations  at  station  9 
increased  following  the  particularly  low  concentration  of  1970  and  early 
1971. 

Total  N  loading  for  the  days  sampled  is  presented  in  tables  47,  48, 
and  49  of  the  appendix  and  summarized  below: 


1 

1 

\ 

Location 

Pariod 

n 

Total  N  Loading 
(aatrlc  cona/da^ 
Maxima  Minima 

ll _ 

Maan 

1 

— 

f 

Sta.  1 

1970 

12 

27.3 

1.1 

7.1 

f 

? 

1971 

12 

55.6 

0.6 

11.2 

Sta.  3 

1970 

12 

50.8 

1.0 

8.5 

1971 

12 

52.5 

0.6 

11.1 

Sta.  9-10 

1969 

9 

45.9 

1.0 

13.1 

» 

1970 

12 

16.8 

0.4 

4.2 

1971 

10 

68.1 

1.4 

17.1 

Law  runoff  and  relatively  low  N  concentrations  characterized  the 
Kootenai  River  in  1970  and  may  explain  the  low  N  loading  values  in  1970. 
The  large  discrepancy  between  1970  and  1971  N  loading  at  stations  9-10 
may  be  the  result  of  delay  in  transport  of  N  downstream  due  to  the 
differences  in  discharge  between  1970  and  1971. 

An  estimate  of  annual  N  loading  in  the  river  at  stations  1  and  3  is 
presented  below: 

Total  H  Loading 
Watric  ton*  H/aanue 


Pariod 


1 

2.376 

4,070 


2.I2S 

4,057 


52 


mg/1  Rexford  (St«.  1) 


Figure  31.  Total  and  organic  nitrogen  concen¬ 
trations  in  the  Kootenai  River  1967-1972. 


The  annual  loading  was  estimated  by  sunming  computed  daily  loadings 
which  were  calculated  from  mean  dally  discharges  and  estimated  daily 
N  concentrations  as  computed  from  linear  interpolation  of  observed  con¬ 
centration  data. 

If  stream  loadings  of  N  were  to  remain  consistent  with  those  recorded 
for  1969-71,  an  estimated  N  loading  in  excess  of  3000  metric  tons/year 
would  be  expected  to  enter  Lake  Koocanuaa  following  impoundment  of  the 
Kootenai  River  by  Libby  Dam. 
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4.1.24  Trace  Elements. 


Fresh  waters  contain  a  number  of  elements  which  under  normal  con¬ 
ditions  are  found  in  extremely  small  quantities,  usually  less  than  a 
milligram  per  liter.  Many  of  the  trace  elements  are  essential  for  bio¬ 
logical  functions  of  aquatic  organisms,  although  some  of  these  same 
essential  elements  are  toxic  to  life  if  present  in  appreciable  quantities 

Among  the  trace  elements  monitored  in  the  Kootenai  River  were  Fe, 

Mn,  Cu,  Pb,  Zn,  Mo,  Co,  B,  V,  Al,  Li,  Se,  Ba,  Ni,  Ag,  Be,  Sr,  Cd,  As, 

Hg,  and  Cr. 

Iron  (Fe) . 

Among  the  trace  elements  monitored  that  are  essential  for  the  oper¬ 
ation  of  living  systems  is  Fe.  Concentrations  of  dissolved  Fe  ranged 
from  a  maximum  of  240  ,ug/l  to  undetectable  levels  during  the  period  of 
study .  A  summary  of  Fe  data  for  three  of  the  stations  sampled  is  shown 
below: 

Dissolved  Fe  >jg/l 


(Kg  Fe/day) 

Location 

Period 

a 

Maximum 

Minimum 

Mean 

Sea. 

1 

Oce 

69 

-  Mar 

72 

30 

240 

0 

63 

Oce 

69 

-  Mar 

72 

30 

(7.840) 

(0) 

(1.192) 

Sea. 

3 

Oce 

69 

-  Mar 

72 

30 

160 

0 

52 

Oce 

69 

-  Mar 

72 

30 

(8,516) 

(0) 

(1.114) 

Sea. 

9-10 

Nov 

69 

-  Mar 

72 

18 

200 

10 

41 

Nov 

69 

-  Mar 

72 

18 

(9,935) 

(136) 

(1,320) 

Although  the  mean  concentrations  of  dissolved  iron  in  the  river 
declined  from  63  ug/1  at  station  1  to  41  ug/1  at  station  9  during  the 
period  extending  from  October  1969  through  March  1972,  a  small  increase 
(about  11  percent)  in  the  mean  daily  loading  between  station  1  and  sta¬ 
tions  9-10  was  observed. 

Monitoring  of  total  Fe  during  the  last  year  of  study  indicated  that 
the  greater  part  of  the  Fe  present  in  the  river  was  in  suspended  or  parti¬ 
culate  form.  A  graph  of  Fe  concentrations  is  shown  in  figure  32.  No 
particular  trend,  other  than  that  which  might  be  attributed  to  down¬ 
stream  dilution,  is  apparent  in  the  data. 

Manganese  (Mn) . 

Manganese  is  essential  to  all  organisms  and  plays  a  role  in  algal 
nitrogen  metabolism  and  photosynthesis.  Manganese  concentrations  ranged 
from  430  ;ug/l  at  station  1  to  below  detectable  limits  during  the  period 
from  October  1969  through  March  1972.  A  summary  of  the  data  for  three 
of  the  locations  sampled  is  shown  below: 


u«/l  Mn 


Location 

Period 

n 

Maximum 

Minimum 

Mean 

Sea.  1 

Oce 

69  -  Mar 

72 

30 

430 

0 

46 

Sea.  3 

Oct 

69  -  Mar 

72 

29 

250 

0 

36 

Sea.  9-10 

Nov 

69  -  Jun 

71 

10 

390 

0 

55 

>»*/ 1 
700 


Rexford  (Sea.  1) 


Figure  32.  Iron  concentrations  in  the  Koo¬ 
tenai  River,  1967-1972. 


Mean  concentrations  were  46  ;ug/l  at  station  1,  34  jug/1  at  station  3, 
and  55  jig/1  at  station  9.  A  graph  of  the  Mh  data  is  presented  in 
figure  33.  Mn  concentrations  remained  low  except  for  a  single  analy¬ 
sis  at  stations  1  and  3  in  February  and  Station  9  in  March  1971. 

Total  Mn  was  sampled  during  the  last  year  of  the  study.  Anomalies 
occasionally  appeared  in  analysis  of  total  Mn  which  indicated  levels 
lower  than  dissolved  Mn. 

Copper  (Cu) . 

Although  Cu  is  required  by  all  organisms,  any  appreciable  amount 
in  the  water  may  be  lethal  to  fish  and  other  aquatic  life.  For  example, 
levels  of  20,«g/l  Cu  have  been  reported  to  be  toxic  to  fish  and,  under 
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Rex ford  (St*.  1) 


Figure  33.  Manganese  concentrations  in  the 
Kootenai  River,  1967-1972. 


some  conditions,  10  jig/1  have  been  found  to  be  lethal  to  some  aquatic 
organisms  (Buhler,  1973).  Cu  concentrations  in  the  Kootenai  River 
ranged  from  below  the  detectable  limit  up  to  30  ;ug/l.  A  summary  of 
the  data  is  shown  below: 


Dieeolved  Cu  jug/1 


Location 

Period 

Q 

Maxima 

Minimum 

Mean 

Sea.  1 

Oct 

70  -  Mar 

72 

18 

6 

0 

1 

Sea.  3 

Oct 

70  -  Mar 

72 

18 

17 

0 

2 

Sea.  9 

Oct 

69  -  Sep 

70 

5 

30 

4 

10 

Oce 

70  -  Mar 

72 

13 

2 

0 

1 

With  the  exception  of  determinations  of  30  ng/1  at  stations  9-10  in 
November  1969  and  17  ug/1  at  station  3  in  October  1970,  dissolved 
Cu  concentrations  did  not  exceed  8  jig/1  and  only  rarely  exceeded  2 
j*g/l  during  the  last  year  and  one-half  of  the  study.  Determinations  of 
total  Cu  were  infrequent  but  those  that  were  done  showed  the  river  to 
contain,  with  one  exception,  less  than  10  jig/1. 


Dissolved  Pb  concentrations  in  the  Kootenai  River  ranged  from  below 
detectable  limits  up  to  23  jug/1,  and  thereby  did  not  appear  to  be  pres¬ 
ent  in  sufficient  quantity  to  be  normally  lethal  to  aquatic  organisms. 
Under  some  conditions,  however,  the  lethal  concentration  for  Pb  can  be 
as  low  as  10  jLig/1  (Buhler,  1973).  A  summary  of  the  data  is  shown  below: 


Location  Period  n_ 

Sta.  1  Oct  70  -  Mar  72  18 

Sta.  3  Oct  70  -  Mar  72  18 

Sta.  9  Oct  69  -  Sap  70  S 

Oct  70  -  Mar  72  13 

Dissolved  Pb  concentrations  only  rarely  exceed  10  >ig/l.  Concentra¬ 
tions  of  1-2  jig/1  were  characteristic  of  the  river  during  the  last  year 
and  one-half  of  the  study.  The  maximum  concentration  of  total  Pb  was  60 
^ig/1  but  most  total  Pb  values  were  under  10  >ig/l. 

Zinc  (Zn) . 

Zinc  is  required  in  minute  amounts  by  algae.  As  with  Cu,  however, 
any  appreciable  amount  in  the  water  is  toxic  to  aquatic  life,  particularly 
fish.  Concentrations  as  low  as  10  jig/1  have  been  reported  to  be  toxic 
to  fish,  although  in  general  concentrations  in  excess  of  90  jig/l  are 
reported  to  be  toxic  in  bioassay  studies.  Dissolved  Zn  concentrations 
ranged  from  below  detectable  limits  up  to  170  ;ig/l.  A  summary  of  the 
data  is  shown  below: 


i»g/l  Zn 


Location 

Period 

n 

Maximum 

Maxinua 

Mean 

Sea.  1 

Oct  70  -  Mar  72 

18 

78 

0 

34 

Sea.  3 

Oct  70  -  Mar  72 

18 

60 

0 

25 

Sta.  9 

Oct  69  -  Sep  70 

5 

30 

10 

14 

Oct  70  -  Mar  72 

13 

170 

0 

51 

Zinc  only  rarely  occurred  in  concentrations  below  the  detectable 
limit  and  was  most  frequently  found  within  the  range  of  10  to  80  >ig/l. 
While  mean  concentrations  dropped  from  34  jig/1  at  station  1  to  25  >ig/l 
at  station  3,  occasional  high  values  increased  the  mean  to  51  jdg/1  at 
station  9.  Determinations  for  total  Zn  were  infrequent,  but  concentra¬ 
tions  of  total  Zn  were  invariably  under  50  jug/1. 

Molybdenum  (Mo) ,  Cobalt  (Co) ,  Boron  (B) ,  Vanadium  (V) 

Dispite  being  normally  present  in  river  water  in  extremely  small 
quantities,  Mo,  Co,  B,  and  V  play  an  important  role  in  the  biological 
functions  of  organisms  in  the  aquatic  ecosystem. 

Molybdenum  is  Involved  in  algal  nitrate  assimilation  and  the  fixation 
of  molecular  nitrogen.  Concentrations  of  dissolved  Mo  in  the  Kootenai 
River  ranged  from  0-12  figll  and  averaged  1.6  jug/1. 


ug/l  Dlaaolved  Pb 


Maxima 
8 
6 

23 
14 


Mini  a 


Mean 

2 

1 

11 

2 


The  most  pronounced  biological  importance  of  Co  is  that  it  is  a 
constituent  of  Vitamin  B-12,  an  organic  catalyst  required  by  most 
aquatic  organisms.  Cobalt  is  generally  found  in  fresh  waters  at 
concentrations  less  than  5  jig/1.  The  maximum  concentration  of  Co 
found  in  the  Kootenai  River  was  9  >>g/l;  the  mean  was  less  than  2  jig/1. 

Boron  is  generally  found  in  freshwater  in  concentrations  around 
13  jag/1.  It  is  an  essential  element  for  the  growth  of  plants  and  some 
algae,  although  its  full  biological  function  is  not  known.  Concentra¬ 
tions  recorded  in  the  Kootenai  River  ranged  from  undetectable  to  102 
jug/1,  with  a  mean  of  13  )xg/l. 

Vanadium  has  been  reported  to  be  essential  to  some  algae  and  is  a 
normal  constituent  of  animal  and  plant  matter,  although  its  vital 
function  is  not  certain.  In  freshwater,  the  concentration  of  V  averages 
1  jug/1.  The  average  concentration  found  in  the  Kootenai  River  was  0.2 
ug/1  and  the  maximum  recorded  was  1  jug/l. 

A  summary  of  the  Mo,  Co,  B,  and  V  data  for  stations  1,  3,  and  9-10  is 
presented  below: 


Dissolved  Mo,  mk/1 


Location 

Period 

Maximus 

Minimus 

Mean 

Sts.  1 

Oct 

70  -  Mar 

72 

18 

12 

0 

1.8 

Sta.  3 

Oct 

70  -  Mar 

72 

18 

a 

0 

1.6 

Sta.  9-10 

Nov 

69  -  Jul 

71 

9 

3 

0 

1.2 

Dissolved  Co,  ug/1 
(Co  total,  ug/1) 


Location 

Period 

n 

Maximus 

Minimus 

Mean 

Sta.  1 

Oct 

70  -  Mar 

72 

18 

4 

0 

0.8 

May 

71  -  Jul 

71 

3 

(4) 

(<1> 

(<2) 

Sta.  3 

Oct 

70  -  Mar 

72 

13 

9 

0 

1 

May 

71  -  Mar 

72 

11 

(9) 

(0) 

(«2) 

Sta.  9-10 

Nov 

69  -  Jul 

71 

10 

3 

0 

1.5 

Dissolved  B. 

Jig/l 

Period 

(B 

total,  i 

ug/1) 

Location 

ft 

Maximum 

Minimum 

Mean 

Sta.  1 

Jun 

69  -  Sep 

69 

24 

60 

0 

10 

Oct 

69  -  Mar 

72 

30 

102 

0 

17 

Sta.  3 

Jun 

69  -  Sep 

69 

16 

100 

0 

14 

Oct 

69  -  Mar 

72 

30 

41 

0 

10 

Sta.  9-10 

Nov 

69  -  Jul 

71 

10 

20 

0 

10 

Sep 

70  -  Mar 

71 

5 

(20) 

(*10) 

C-  14) 

Dissolved  V. 

Jtlli _ 

Location 

Period 

ft 

Maximum 

Minimal  Main 

Sta.  1 

Oct 

70  -  Mar 

72 

18 

1.0 

0 

0.2 

Sta.  3 

Oct 

70  -  Mar 

72 

18 

0.8 

0 

0.2 

Sta.  9-10 

Hov 

69  -  Mar 

72 

13 

2.2 

0 

0.4 

58 


Aluminum  (Al) .  Lithium  (LI) ,  Selenium  (Se) ,  Nickel  (Ni) ,  Silver  (Ag) , 
Berylium  (Be) .  and  Cadmium  (Cd) .  ™— 

Average  concentrations  of  dissolved  Alt  Li,  Se,  Ni,  Ag,  Be,  and  Cd 
found  in  the  waters  of  the  Kootenai  River  were  similar  to  those  reported 
in  the  literature  for  river  waters.  The  mean  concentrations  for  these 
seven  dissolved  elements  averaged  for  stations  1,  3,  and  9-10  in  the 
Kootenai  River  were  171,  5.6,  4,  3.2,  0.6,  1.0,  and  less  than  0.3  ug/1, 
respectively. 

A  summary  of  the  Al,  Li,  Se,  Ni,  Ag,  Be,  and  Cd  data  for  three  of 
the  stations  sampled  is  presented  below: 


Parlod 

n 

Maxima 

Minima 

Maan 

Oct  70  -  Mar 

72 

18 

400 

0 

1S6 

Oct  70  -  Mar 

72 

18 

400 

0 

136 

Nov  69  -  Jul 

71 

10 

600 

0 

226 

Location 
Sta.  1 
Sta.  3 


Location  Parlod  n 
Sea.  1  Oct  70  -  Mar  72  18 
Sta.  3  Oct  70  -  Mar  72  18 
Sta.  9-10  Jul  71  1 

Location  Parlod  n^ 
Sta.  9-10  Nov  69  -  Jan  72  U 

Location  Parlod  a 
Sta.  1  Oct  70  -  Mar  72  IS 
Sta.  3  Oct  70  -  at  72  18 
Sta.  9-10  Nov  69  -  Jul  71  10 

Location  Parlod  n 
Sea.  1  Oct  70  -  Mar  72  18 
Sta.  3  Oce  70  -  Mar  72  18 
Sea.  9-10  Nov  69  -  Jul  71  8 

Location  Parlod  3 
Sta.  1  Oct  70  -  Mr  72  18 
Sta.  3  Oce  70  -  Mar  72  18 
Sta.  9-10  Nov  69  -  Jul  71  10 


Diaaolvad  Al. 


Dlaaolvad  LI.  u«/l 
Maxima  Minimal  Naan 


Dlaaolvad  Sa,  ut/1 
Maxima  Minima  Maan 

13  0  4 

Dlaaolvad  Ml.  iia/1 


Dlaaolvad 


Maxima  >«"<—-  Maan 


Dissolved  Cd,  ug/l 
(total  Cd.  us/ 1) 


Location 

Pariod 

a 

Maxima 

Minima 

Mann 

Sta.  1 

Oct  70  -  Mar  72 

18 

1 

0 

0 

May  71  -  Jul  71 

3 

(1) 

(-■l) 

(-1) 

Sta.  3 

Oct  70  -  Mar  72 

18 

1 

0 

0 

May  71  -  Mar  72 

11 

(2) 

(•<1) 

(-1) 

Sta.  9-10 

Nov  69  -  Oct  71 

11 

3 

0 

1.' 

Sap  70  -  Jan  72  __ 

4 

(3) 

(<1) 

(<1.: 

Strontium  (Sr),  Barium  (Ba). 

Dissolved  Sr  concentrations  observed  ranged  from  30-360  >ig/l> 
with  the  average  concentration  at  stations  1  and  3  being  about  200 
ug/l  and  the  average  at  station  9  being  138  ug/l.  The  maximum  and 
mean  values  for  Sr  found  In  the  waters  of  the  Kootenai  River  are  some¬ 
what  higher  than  those  found  In  natural  streams  and  lakes.  Similarly, 
concentrations  of  Ba  found  In  the  Kootenai  River  were  higher  than  those 
reported  for  natural  lakes  and  streams.  The  concentration  of  Ba  in  the 
Kootenai  River  ranged  from  undetectable  to  1  mg/1  and  averaged  83,  91, 
and  161 ^ug/1  at  stations  1,  3,  and  9,  respectively. 

A  summary  of  the  Sr  and  Ba  concentrations  monitored  at  stations  1, 
3,  and  9-10  is  presented  below: 


Disaolved  Sr,  .ug/l 
(total  Sr.  na/1) 


Location 

Parlod 

n 

Maxima 

Minimum 

Maan 

Sta.  1 

Oct  70  -  Mar  72 

18 

300 

30 

197 

Sta.  3 

Oct  70  -  Mar  72 

18 

360 

40 

200 

Sta.  9-10 

Nov  69  -  Jul  71 

6 

200 

80 

138 

Nov  70  -  May  71 

5 

(140) 

(60) 

(98) 

Dissolved  Ba.  jua/1 


Location 

Period 

n 

Maxima 

Minimum 

Maan 

Sta.  1 

Oct 

"J 

o 

1 

? 

►1 

72 

18 

320 

0 

83 

Sta.  3 

Oct 

70  -  Mar 

72 

18 

600 

0 

91 

Sta.  9-10 

Nov 

69  -  Jul 

71 

10 

1,000 

0 

161 

Mercury  (Hg) . 

The  dissolved  Hg  level  monitored  in  the  Kootenai  River  was,  on  the 
average,  slightly  in  excess  of  0.1  ug/l>  Excluding  the  single  value  of 
1.0  jug/i  at  station  3  on  13  March  1972  and  the  single  high  value  of  3.1 
Ug/l  at  stations  9-10  on  2  March  1972,  the  mean  dissolved  Hg  for  stations 
1,  3,  and  9-10  were  0.1,  0.1,  and  0.3  ug/l»  respectively.  Only  a  few 
determinations  of  total  Hg  were  made  and  the  level  found  was  often  less 
than  the  level  of  detection  for  the  method  of  analysis  used.  A  summary 
of  the  Hg  data  for  stations  1,  3,  and  9-10  is  presented  below: 
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Dissolved  H*.  >i*/l 


Location 

Period 

n 

- (total  Ha.  m/l> 

Maximal  Minima  Maaa 

Sc*. 

i 

Oct 

70 

-  Mar 

72 

18 

0.3 

0 

0.1 

Jan 

71 

-  Jul 

71 

3 

(<0.S) 

(0) 

(<0.3) 

Sea. 

3 

Oct 

70 

-  Mar 

72 

18 

1.0 

0 

0.2 

May 

71 

-  Mar 

72 

9 

(1.2) 

(<0.S) 

(<0.6) 

Sea. 

9-10 

Sap 

70 

-  Mar 

72 

13 

3.1 

<0.1 

<0.3 

Nov 

70 

-  Jan 

71 

3 

(0.3) 

(0.2) 

(0.3) 

Arsenic  (As) . 

Concentrations  of  dissolved  As  monitored  in  the  Kootenai  River  were 
low.  Mean  values  for  stations  1,  3,  and  9-10  were  4,  6,  and  2  jig/1, 
respectively.  A  summary  of  dissolved  As  for  the  three  stations  is 
presented  below: 


Dissolved  As,  mg/1 


Location 

Parlod 

a 

Maxima 

Minima 

Maan 

<4 

Sta.  1 

Oct 

70  -  Mar 

72 

18 

10 

0 

Sea.  3 

Oct 

70  -  Mar 

72 

18 

40 

0 

6 

Sta.  9-10 

Nov 

69  -  Jan 

72 

12 

10 

0 

<2 

Chromium  (Cr) . 

Concentrations  of  Cr  monitored  in  the  Kootenai  River  were  very  low 
and  maximum  values  observed  were  well  below  levels  reported  to  adversely 
affect  aquatic  life.  The  maximum  total  Cr  concentration  observed  was  4 
pg/1  at  station  7;  the  maximum  dissolved  Cr  and  hexavalent  Cr  concentra¬ 
tions  observed  were  2  and  1  >ig/l,  respectively.  A  summary  of  Cr  data 
for  stations  1,  3,  and  9-10  is  presented  below: 


Dlssolvsd  Cr.  jus/1 


Location 

Period 

n 

Maxima 

Minima 

Mean 

Sta.  1 

May  71  -  Mar 

72 

n 

0 

0 

0 

Sta.  3 

Oct 

70  -  Mar 

72 

17 

2 

0 

0 

Sta.  9-10 

Nov 

69  -  Mar 

72 

9 

2 

0 

0.6 

total  Cr.  ue/1 

Location 

Period 

a 

Maxima 

Minima 

Maan 

Sta.  9-10 

Oct 

70  -  Jan 

72 

7 

2 

-<  1 

*  1.3 

Haxavalent  Cr. 

nt/1 

Location 

Period 

n 

Maxima 

Minima 

Maan 

Sta.  1 

Oce 

70  -  Mar 

72 

18 

1 

0 

0 

Sea.  3 

Oct 

70  -  Mar 

72 

18 

1 

0 

0 

4.1.25  Methylene  Blue  Active  Substances  (MBAS) . 

Presence  of  MBAS  indicates  the  occurrence  of  detergents  in  water. 
Concentrations  of  MBAS  were  sampled  only  at  stations  1  and  3  during  the 
last  1-1/2  years  of  study.  Results  indicated  traces  of  detergents  at 
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station  1  in  November-December  1970  and  January  1971,  but  no  detectable 
amounts  thereafter.  Only  on  one  occasion  during  monthly  sampling  from 
October  1970  -  March  1972  at  station  3  has  MBAS  been  detected. 


4.2  Bacteriological  Data. 

4.2.1  Coliform  Bacteria. 

Sampling  for  the  presence  of  bacteria  of  the  coliform  group  was 
done  to  obtain  an  indication  of  the  sanitary  quality  of  the  waters  of 
the  river.  Since  coliform  bacteria  naturally  inhabit  the  soil,  vege¬ 
tation,  and  water,  as  well  as  being  normal  inhabitants  of  fecal  discharges, 
the  abundance  of  coliform  bacteria  is  not  solely  adequate  for  determi¬ 
nation  of  fecal  contamination. 


Collforma/100  ml 


Location 

Period 

a 

Maximum 

Mininun 

Mean 

Sta.  7 

Mar 

6S  -  Sep 

69 

17 

3,600 

8 

660 

Oce 

69  -  Mar 

72 

28 

830 

1 

121 

Sea.  3 

Mar 

63  -  Sep 

69 

12 

2,500 

55 

920 

Oct 

69  -  Mar 

72 

28 

3,300 

16 

726 

Sea.  9-10 

Mar 

68  -  Sep 

69 

15 

1,400 

10 

565 

Occ 

69  -  Mar 

72 

27 

2,400 

17 

398 

Coliform  counts  ranged  from  3,600/100  ml  at  station  7  in  June  1968  to 
1/100  nil  at  the  same  station  in  torch  1971.  Maximum  concentrations 
correlate  with  periods  of  high  flows.  Mean  numbers  increased  between 
stations  7  and  8  but  declined  at  stations  9-10  during  the  study. 

4.2.2  Fecal  Coliforms. 

Analyses  for  fecal  coliforms  were  added  to  the  program  at  stations 
7,  8,  and  9  in  October  1969.  A  summary  of  the  results  is  shown  below: 


Fecal 

Conforms/ 100 

ml 

Location 

Period 

n 

Maximum 

Minimum 

Mean 

Sta.  7 

Oct  69  -  Mar  72 

29 

120 

0 

19 

Sta.  8 

Oct  69  -  Mar  72 

18 

260 

1 

63 

Sta.  9 

Oce  69  -  Mar  72 

19 

215 

1 

39 

Coliforms  of  fecal  origin  ranged  from  0  to  260/100  ml.  Mean 
concentrations  of  19/100  ml  at  station  7  increased  to  63/100  ml  at 
station  8  and  then  dropped  to  39/100  ml  at  station  9. 

4.3  Bottom  Fauna. 

Results  from  the  4  years  of  sampling  involving  230  bottom  samples 
and  50  cylindrical  substrate  samples  showed  that  the  invertebrate  pop¬ 
ulation  of  the  Kootenai  River  was,  for  all  practical  purposes,  dominated 
by  insects.  Only  two  other  major  groups  of  invertebrates  were  found  to 
be  present:  Gastropods  (snails)  probably  of  the  genus  Physa  and  aquatic 
earthworms  and  leeches  of  the  Phylum  Annelida.  These  organisms  occurred 
only  rarely  and  formed  a  rather  insignificant  part  of  the  number  and 
biomass  of  aquatic  invertebrates  present. 
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Table  6.  Listing  of  insects  collected  from  the  Kootenai  Rivei^,  1968-1971. 


Order 

Suborder 

Paally 

Srb  family 

Genus 

Plecoptera 

Holognatha 

Pteronarcidae 

Pteronarcys 

(•Fllipalpla) 

Neaourldae 

Capri laee 

Pteronercella 

Capnia 

Isocapnle 

Taenlop  teryglnae 

B r achy p tare 

Neaourinae 

Hemoura 

Systellognethe 

Perlodldee 

leogenlnae 

Isogenua 

(-Setipalpla) 

leoperlinee 

Arcynopteryx 

leoperle 

Period lnae 

Dlure 

Perlldee 

Acroneurinae 

Acroneurla 

Cleaasenle 

Chloroperlldae 

Chloroper llnae 

Allerperla 

Ephemeroptera 

Beetldee 

Baetidae  • 

Beetle 

Calllbaetle 

Siphlonurldae 

Siplonurlnae  1/ 

Ameletus 

Parsmeletus 

Ephemerellldae 

Epheaerellinae  1/ 

Ephemerelle 

Leptophleb lldee 

Leptophlebiinae  1 / 

Leptophleb la 
Parelep  top he lb la 

Heptagsniidaa 

Heptegenlldee 

Heptagenla 

Khithrogana 

Clnygmula 

Epeorus 

Sub  genua- Iron 

Trichoptera 

Hydropay  ch  idee 

Hydropsyche 

Parapsyche 

Arctopsyche 

Cheumstopayche 

Brechycentrldee 

Brechycentrus 

Glossosomatldae 

Glossosoae 

Rhyacophilidee 

Rhyacophlla 

Llmnephilldae 

Neoth reams 

Diptere 

Nemetocera 

Tandlpldldaa  (-Chironoaidaa) 

Tipulidee  Tipulina. 

Tlpula 

Holorusia 

Limonllnae  Hexatoma 

Sinai  11  Ida  e  (-Melusinidae)  Sinai  11  ua 

Tanyderldae 


Brachycera 

rhaglonldae  (-Leptidae) 

Eapididae 

Tabanldae 

Atherlx 

Odonata 

Zygoptera 

Agrlonldae 

Agrlon 

Coleoptera 

Polyphaga 

Elmldae 

Hydrophilidae 

Hydrophllua 

Adephaga 

Dytlscidae 

Gyrlnldee 

SI alls 

Megaloptere 

Sialldae 

Hemlptera 

Corixldee 

^/Classified  under  family  Beetldee  In  Uslnger,  1963. 

4.3.1  Insects. 


A  listing  of  the  aquatic  insects  collected  and  their  taxonomic  affin¬ 
ities  is  shown  in  table  6.  While  51  individual  taxa  representing  eight 
major  insect  orders  were  found  to  be  present,  only  Plecoptera  (stonef lies) , 
Ephemeroptera  (mayflies),  Trichoptera  (caddisf lies) ,  and  Diptera  (true 
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flies)  were  common.  Taxa  within  these  four  orders  made  up  over  99  percent 
of  the  insects  in  a  sample  composed  of  more  than  100,000  insects  weighing 
almost  a  kilogram  (2.2  lb).  The  remaining  1  percent  consisted  of  Odonata 
(dragon  flies),  Coleoptera  (beetles,  mostly  of  the  family  Elmidae) ,  Mega- 
loptera  (alderflies) ,  and  Hemiptera  (aquatic  bugs,  all  in  the  family 
Corixidae) . 

For  purposes  of  clarity,  discussion  of  the  results  will  be  confined 
only  to  the  first  four  insect  orders,  with  results  of  bottom  and  cylin¬ 
drical  substrate  sampling  being  treated  separately. 

4.3.2  Bottom  Sampling. 

The  230  bottom  fauna  samples  collected  between  1968  and  1971 
contained  a  total  of  75,217  insects  weighing  713.27  g.  This  is  an 
average  of  327  insects  weighing  3.1  g/sq  m  (equivalent  to  an  Insect 
standing  crop  of  about  300  lb/acre) .  Summaries  of  bottom  fauna  are 
presented  in  the  appendix,  tables  50  through  64. 

The  insect  population,  considering  all  areas  combined,  increased  in 
both  numbers  and  weight  during  the  period  of  study.  Numbers  of  insects 
almost  doubled,  increasing  from  a  mean  of  2,159/sq  m  in  1968  to  4,124/ 
sq  m  in  1971.  Weight  of  insects  more  than  tripled,  rising  from  a  mean 
of  19.3  g/sq  m  to  58.7  g/sq  m  during  the  same  period. 

The  trend  for  an  increasing  insect  population  was  evident  at  each 
of  the  four  sampling  locations.  Insect  populations  at  the  two  sampling 
stations  above  Libby  Dam  (stations  1  and  2)  appeared  to  be  quite  similar, 
particularly  in  terms  of  weight,  with  4-year  means  of  3,918  and  4,582 
insects,  respectively,  weighing  43.7  and  45.9  g/sq  m,  respectively.  Com¬ 
bined,  the  data  from  these  two  stations  show  an  increase  from  a  mean  of 
2,673  insects  weighing  28.8  g/sq  m  in  1968  to  4,996  Insects  weighing 
78.5  g/sq  m  in  1971.  This  is  an  increase  of  187  percent  in  numbers 
and  273  percent  in  weight  between  1968  and  1971. 

Insect  populations  at  the  two  stations  below  Libby  Dam  were  smaller 
than  at  the  two  stations  above  Libby  Dam  with  4-year  means  of  3,027  and 
2,553  insects  weighing  23.9  and  20.1  g/sq  m,  respectively.  Combined, 
the  data  from  stations  3  and  4  show  an  increase  from  a  mean  of  1,645 
insects  weighing  9.9  g/sq  m  in  1968  to  3,253  insects  weighing  38.8  g / 
sq  m  in  1971.  This  is  an  increase  of  198  percent  in  numbers  and  392 
percent  in  weight  between  1968  and  1971. 

Comparison  of  the  4-year  mean  at  stations  1  and  2  (4,253  insects 
weighing  48.4  g/sq  m)  with  the  4-year  mean  for  stations  3  and  4  (2,788 
insects  weighing  22.0  g/sq  m)  indicates  that  the  insect  population 
below  Libby  Dam  averaged  66  percent  of  the  population  above  the  dam 
in  terms  of  numbers  and  45  percent  in  terms  of  weight. 

The  similarities  and  differences  between  the  control  and  test  areas, 
along  with  variations  in  numbers  and  biomass  that  occur  within  the 
course  of  each  year,  are  shown  in  figure  34.  Large  temporal  variations 
can  be  noted  not  only  within  areas,  but  between  areas.  Accepting  the 
fact  that  insect  population  data  can  be  highly  variable,  there  Appears 
to  be  relatively  good  agreement  between  the  data  collected  at  stations 
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4 


St».  3  - 


Figure  34,  Mean  number  and  weight  of  Insects  per 
square  meter  at  four  stations  In  the  Kootenai  River, 
1968-1971. 


1  and  2  and  between  the  data  collected  at  stations  3  and  4.  The  trend 
of  the  insect  population  at  stations  1  and  2,  when  compared  with  stations 
3  and  4.  indicates  that  some  factor,  or  factors,  prevented  the  populations 
at  stations  3  and  4  from  reaching  their  full  potential.  This  is  particu¬ 
larly  noticeable  in  1970  and  1971. 

Plecoptera. 

Plecoptera  (stoneflies)  composed  16  percent  of  the  total  number  of 
insects  and  29  percent  of  the  total  by  weight.  The  mean  for  all  samples 
was  571  stoneflies  weighing  9.6  g/sq  m. 

Combined,  the  data  from  stations  1  and  2  show  a  mean  of  672  stone¬ 
flies  averaging  13.4  g/sq  m  while  stations  3  and  4  had  a  mean  of  471 
stoneflies  weighing  5.8  g/sq  m.  This  indicates  that  the  stonefly  popu¬ 
lation  below  Libby  Dam  was  about  70  percent  of  the  size  of  the  stonefly 
population  above  Libby  Dam  in  terms  of  numbers  and  43  percent  in  terms 
of  weight. 
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Figure  35.  Mean  number  and  weight  of  Plecoptera  per 
square  meter  at  four  locations  in  the  Kootenai  River 
1968-1971. 


» 


While  a  generally  increasing  trend  can  be  noted  in  the  sample  means 
plotted  for  the  stonefly  population,  as  shown  in  figure  35,  the  increase 
is  neither  as  large  nor  as  consistent  as  that  for  the  insect  popula¬ 
tion  as  a  whole.  Number  of  stoneflies  at  stations  3  and  4  apparently 
declined  after  1969,  but  biomass  continued  to  increase.  Indications 
that  this  decline  was  probably  not  of  a  permanent  nature  can  be  seen 
in  the  fact  that  over  2,100  stonef lies/sq  m  were  found  at  station  3 
in  November  1971. 

A  remarkable  feature  of  the  data  is  the  mean  of  3,771  stoneflies/ 
sq  m  collected  at  station  2  in  December  1969.  These  samples  were  dom¬ 
inated  by  winter  stoneflies  of  the  genus  Capnia  and  Brachyptera  which, 
due  to  their  small  size,  were  taken  in  numbers  only  during  this  period 
of  the  year. 

Five  stonefly  families,  containing  13  genera,  were  found  to  be 
present.  While  an  attempt  was  made  throughout  the  study  to  identify 
nymphs  to  the  generic  level,  identification,  particularly  of  the  early 
instars,  was  difficult.  In  some  cases  confusion  appears  to  have 
existed  in  the  identification  of  families.  For  this  reason,  no 
attempt  has  been  madr  to  evaluate  the  composition  of  the  stonefly  pop¬ 
ulation  other  than  to  say  that  the  smaller  population  below  Libby  Dam 
seems  to  be  due  to  a  factor,  or  factors,  which  affected  the  order  as 
a  whole  as  opposed  to  the  elimination  or  reduction  of  a  particular 
family. 
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Figure  36.  Mean  number  and  weight  of  Ephemeroptera  per 
square  meter  at  four  stations  in  the  Kootenai  River, 
1968-1971. 


Ephemeroptera,  the  mayflies,  composed  16  percent  of  the  total  num¬ 
ber  of  Insects,  the  same  percentage  as  the  stoneflies,  but  due  to  their 
small  size  they  made  up  only  7  percent  of  the  total  weight.  The  mean 
for  all  samples  was  554  mayflies  weighing  2.2  g/sq  m. 

Combining  the  data  from  stations  1  and  2  shows  a  mean  of  680  may¬ 
flies  weighing  2.6  g/sq  m  while  stations  3  and  4  had  428  mayflies 
weighing  1.8  g/sq  m.  This  indicates  that  the  mayfly  population 
below  Libby  Dam  was  about  70  percent  of  the  size  of  the  mayfly  pop¬ 
ulation  above  the  dam  in  terms  of  both  numbers  and  weight. 

There  was  a  trend  between  1968  and  1969  for  an  increasing  mayfly 
population  at  all  sampling  sites  (figure  36) .  The  population  at 
stations  2,  3,  and  4  reached  the  peak  in  1969  and  progressively  declined 
in  1970  and  1971,  while  the  population  at  station  1  did  not  reach  its 
peak  until  1970.  While  relatively  good  populations  were  maintained  at 
stations  3  and  4  throughout  1970  and  1971,  there  is  some  indication 
that  fall  populations  failed  to  reach  their  full  potential  as  indicated 
by  the  control  stations. 

Five  mayfly  families,  including  11  genera,  were  found  to  be  present. 
Baetis  constituted  76  percent  of  the  total  number  of  mayflies  present 
and  occurred  at  an  overall  density  of  420/sq  m.  The  two  sampling  loca- 


67 


Sea,  2 
Sta.  2 
Sta.  3 
Sta.  4 


Figure  37.  Mean  number  and  weight  of  Trichoptera  per 
square  meter  at  four  stations  in  the  Kootenai  River, 
1968-1971. 


tions  below  Libby  Dam  average  317  Baetis/sq  m  compared  to  an  average  of 
520/ sq  m  at  the  two  stations  above  the  dam.  This  indicates  that  Baetis 
were  considerably  more  abundant  above  the  project  than  below.  Ephemerella , 
which  made  up  11  percent  of  the  total  number  of  mayflies  taken,  averaged 
62/ sq  m,  with  the  population  below  the  dam  being  77  percent  of  the  size 
of  that  above  the  dam. 

Trichoptera. 

Trichoptera  (caddis flies)  composed  27  percent  of  the  total  num¬ 
bers  of  insects  and  nearly  half  (49  percent)  of  the  sample  by  weight. 

The  mean  for  all  samples  was  960  caddisflies  weighing  16.4  g/sq  m. 

Combined,  the  data  from  stations  1  and  2  show  a  mean  of  1,276 
caddisf lies/sq  m  with  a  weigh  of  22.6  g/sq  m,  while  stations  3  and 
4  had  a  mean  of  643  caddisf lies/sq  m  with  a  weight  of  10.1  g/sq  m. 

This  indicates  that  the  caddisfly  population  below  Libby  Dam  was  about 
50  percent  of  the  size  of  the  caddisfly  population  above  Libby  Dam  in 
terms  of  numbers  and  45  percent  in  terms  of  weight. 

Rather  extraordinary  increases  in  both  numbers  and  weight  that 
occurred  throughout  the  course  of  the  study  can  be  seen  in  figure  37. 
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Figure  38.  Mean  number  and  weight  of  Diptera  per 
square  meter  at  four  stations  in  the  Kootenai  River, 
1968-1971. 


The  caddisfly  population  above  the  dami,  and  particularly  at  station 
2,  increased  by  many  orders  of  magnitude  between  1968  and  1971,  with 
individual  samples  taken  in  October  1970  and  1971  totaling  more  than 
6,000  caddisf lies/sq  m  with  sample  means  of  from  3,000  to  4,000/sq  m. 

With  few  exceptions,  caddisf lies  were  more  abundant  at  stations  1  and  2 
than  at  stations  3  and  4  in  1970  and  1971,  again  indicating  the  exis¬ 
tence  of  some  factor  affecting  the  population  below  the  dam  site. 

Five  caddisfly  families  were  noted  during  the  course  of  the  study 
and,  with  the  possible  exception  of  the  Limnephilidae  which  occurred 
only  during  the  early  years  of  study,  no  substantive  changes  have  been 
noted  in  the  diversity  of  the  population.  Representatives  of  the  family 
Hydropsychldae  made  up  94  percent  of  the  caddisfly  population,  with  the 
genus  Hydropsyche  dominating.  The  major  trends  in  the  population  are 
therefore  due  to  fluctuation  occurring  among  the  members  of  this  family. 

Diptera. 

Diptera,  the  true  flies,  composed  41  percent  of  the  total  number  of 
insects,  but,  due  to  the  small  size  of  the  dominant  family  (Tendipididae) , 
members  of  this  insect  order  made  up  only  15  percent  of  the  sample  by 
weight.  The  mean  for  all  samples  was  1,428  Diptera  weighing  5.2  g/sq  m. 


Combined,  the  data  from  stations  1  and  2  show  a  mean  of  1,613 
Diptera  weighing  6.1  g/sq  m,  while  stations  3  and  4  had  a  mean  of 
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1,243  Dlptera  weighing  4.3  g/sq  m.  This  indicates  that  the  Diptera 
population  below  Libby  Dam  was  about  77  percent  of  the  size  of  the 
population  above  Libby  Dam  in  terms  of  numbers  and  70  percent  in  terms 
of  weight. 

Population  trends  for  Diptera  are  shown  in  figure  38.  Although 
Diptera  biomass  exhibits  an  increasing  trend,  the  population  in  terms 
of  numbers  seems  to  be  stable.  Only  numbers  of  true  flies  at  stations 
1  and  3  appear  to  have  increased.  The  most  notable  feature  of  the  data 
is  the  relatively  similar  population  levels  found  in  both  control  and 
test  areas. 

Seven  families  were  found  to  be  present,  but  the  most  important  by 
far  were  members  of  the  family  Tendipididae  (=Chironomidae) ,  or  midges, 
which  made  up  97  percent  of  the  total  Diptera. 

4.3.3  Cylindrical  Substrate  Sampling. 

A  total  of  50  cylindrical  substrate  samples  were  collected  during 
the  years  1968  and  1969  containing  29,934  insects  weighing  228.23  g 
(thereby  averaging  539  insects  weighing  4.6  g/sample).  Summaries  of 
the  cylindrical  substrate  sampling  data  are  contained  in  the  appendix, 
tables  65  through  67. 

The  number  of  insects/samples  increased  from  374  in  I9b8  to 
679  in  1969  while  at  the  same  time  biomass  decreased  from  6.3  g / 
sample  in  1968  to  3.1  g/sample  in  1969.  Insects  at  station  3  below 
the  dam  occurred  in  considerably  larger  numbers  than  at  the  two  sta¬ 
tions  above  the  dam  during  both  years  of  study.  In  1968,  station  3 
averaged  754  insects/sample  and  this  increased  to  1,161  insects/ 
sample  in  1969.  Biomass,  however,  decreased  from  12.7  g  in  1968  to 
4.9  g/sample  in  1969.  Numbers  increased  from  131  insects/samples 
at  stations  1  and  2  in  1968  to  438  insects/sample  In  1969.  Biomass, 
however,  remained  stable,  averaging  2.1  g/sample  in  1968  and  2.2  g/sampli 
in  1969.  Figure  39  shows  the  average  number  and  weight  of  insects  taken 
at  each  of  the  three  sampling  stations. 

It  is  evident  that  unusually  large  numbers  of  caddisflies  dominated 
the  insect  population  and  constituted  58  percent  of  the  total  number  of 
insects  collected.  The  dominating  influence  of  caddisflies  was  parti¬ 
cularly  evident  at  station  3  both  in  September  1968  and  September  1969 
(figure  40) .  The  three  September  1968  samples  averaged  1818  caddis¬ 
flies  weighing  31.3  g/sample  and  the  three  September  1969  samples 
averaged  1614  caddisflies  weighing  8.74  g/sample.  A  notable  feature 
of  the  data  is  the  sharp  insect  population  decline  in  the  samples 
taken  late  in  the  year. 

Population  trends  for  Plecoptera  are  shown  in  figure  41.  Plecop- 
tera  which  averaged  35/sample  in  1968  increased  to  105/sample  in 
1969,  largely  due  to  the  large  numbers  occurring  at  stations  2  and 
3.  Somewhat  similar  trends  are  shown  for  Ephemeroptera  (figure  42) 
and  Diptera  (figure  43) . 


70 


St*.  2  - 


SC*.  3 - 


Figure  39.  Mean  number  and  weight  of 
insects  per  cylindrical  substrate  sam¬ 
ple  at  three  stations  in  the  Kootenai 
River,  1968  and  1969. 


Figure  40.  Mean  number  and  weight  of 
Plecoptera  per  cylindrical  substrate  sam¬ 
ple  at  three  stations  in  the  Kootenai 
River,  1968  and  1969. 
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Figure  41.  Mean  number  and  weight  of  Figure  42.  Mean  number  and  weight  of  Tri- 
Ephemeroptera  per  cylindrical  sub-  choptera  per  cylindrical  substrate  sample 

strate  sample  at  three  stations  in  the  at  three  stations  in  the  Kootenai  River, 
Kootenai  River,  1968  and  1969.  1968  and  1969. 


r 


Figure  43.  Mean  number  and  weight  of 
Diptera  per  cylindrical  substrate  sam¬ 
ple  at  three  stations  in  the  Kootenai 
River,  1968  and  1969. 


5.0  DISCUSSION 

The  Kootenai  River  is  the  second  largest  tributary  of  the  Columbia 
River,  with  a  discharge  of  nearly  800  cu  m/sec  (28,200  c.f.s.).  The 
river,  which  has  a  length  of  about  780  km  (485  miles)  and  a  basin  of 
almost  50,000  sq  km  (19,300  sq  miles),  is  shared  by  Canada  and  the  United 
States.  Most  of  the  river  and  its  basin,  along  with  the  source  and  mouth 
of  the  river,  lie  in  Canada.  About  one-third  of  the  river's  length  and 
one-quarter  of  the  basin  area  lie  within  the  United  States.  The  portion 
of  the  basin  within  the  United  States  produces  about  one-fifth  of  the 
water  discharged  at  the  river  mouth. 

Practically  all  of  the  water  that  passes  the  background  station 
at  Rexford,  near  the  Canadian-United  States  border,  originates  in  Canada. 
At  the  Libby  Dam  site,  about  90  percent  of  the  water  originates  in 
Canada.  The  Canadian  contribution  of  runoff  in  the  river  declines  to  63 
percent  at  the  downstream  border  station  near  Porthill,  Idaho.  The  water 
quality  characteristics  at  the  upstream  station  are,  thereby,  largely 
determined  within  the  Canadian  portion  of  the  basin.  Some  of  the  many 
factors  affecting  water  quality  in  the  basin  are  delineated  in  previous 
reports  (U.S.  Army  Corps  of  Engineers,  1969,  1970  and  1971)  and  by  Shurr 
(1969)  and  Northcote  (1972,  1973).  Factors  affecting  water  quality  in 
the  Canadian  portion  of  the  Kootenai  River  are  discussed  in  the  Canadian 
report  (Crozier  and  Leinweber,  1975)  published  concurrent  with  this 
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report  to  document  the  water  quality  of  the  river  prior  to  impoundment 
by  Libby  Dam. 

River  discharge  for  the  study  period  was  106  percent  of  normal, 
based  on  the  period  1910-1972.  River  discharge  of  118  to  120  percent 
of  normal  characterized  the  years  1967,  1969,  and  1971.  The  year  1968 
was  a  normal  year  in  respect  to  discharge  and  1970  was  a  low  water 
year  having  75  percent  of  normal  flow. 

Wide  seasonal  fluctuations  in  discharge  are  characteristic  of  the 
river.  Flows  entering  the  United  States  between  calendar  years  1967- 
1971  ranged  from  37  to  1994  cu  m/sec  (1,300  to  70,376  c.f.s.)  with  a  mean 
of  309  cu  m/sec  (10,906  c.f.s.).  The  range  at  Porthill  is  74  to  2,784 
cu  m/sec  (2,620  to  98,300  c.f.s.)  with  a  mean  of  488  cu  m/sec  (17,247 
c.f.s.).  Roughly,  70  percent  of  the  river’s  mean  annual  flow  occurs 
during  the  spring  and  early  summer.  These  fluctuations  have  rather 
dramatic  effects  upon  the  quality  of  the  water.  Suspended  sediment 
concentrations,  which  are  low  during  periods  of  base  flow,  increase 
during  high  water,  while  dissolved  solids  concentrations,  which  are 
high  during  base  flow,  decrease  during  high  flows.  With  the  bulk  of 
the  discharge  occurring  during  the  months  of  May,  June,  and  July, 
dissolved  and  suspended  loadings  increase  and  are  higher  during  that 
period  than  in  the  entire  remaining  9  months  of  the  year. 

During  the  preimpoundment  study  period,  the  Kootenai  River  was  a 
fast-flowing,  cold-water  river  containing  moderately  hard  to  hard  water 
of  the  calcium  bicarbonate  type.  The  river  was  quite  fertile,  as  indi¬ 
cated  by  the  high  dissolved  solids  content  and  a  large  and  diverse 
aquatic  insect  population.  Dissolved  oxygen  concentrations  invariably 
remained  at  or  near  saturation.  High  dissolved  oxygen  concentrations, 
along  with  the  relatively  low  observed  values  for  biochemical  oxygen 
demand,  indicate  that  the  river  was  effective  in  assimilating  organic 
loads  without  respiratory  stress  to  aquatic  life.  For  about  8  months 
of  each  year,  the  water  was  clear,  transparent,  and  almost  colorless. 

During  periods  of  high  discharge  the  river  picked  up  a  large  suspended 
sediment  load  and  became  turbid  and  the  true  color  increased.  Increases 
could  also  be  detected  in  total  coliforms  during  periods  of  high  water, 
but  human  contamination  was  not  indicated  since  fecal  coliforms  were 
generally  low  (and  within  Montana's  water  quality  standards  for  the  river). 
The  pH  of  the  river  water  was  often  rather  high  for  natural  waters  and 
the  free  carbon  dioxide  content,  which  strongly  influences  the  pH,  was 
generally  low.  The  water,  with  bicarbonate  as  the  dominant  anion,  had 
a  high  alkalinity  which  gave  the  river  a  high  "buffering  capacity." 

Dissolved  solids  content  of  streams  entering  the  Kootenai  River 
from  the  Cabinet  and  Purcell  Mountains  was  lower  than  that  of  the 
Kootenai  and  the  river  became  more  dilute  as  it  traversed  the  United 
States;  there  was,  however,  an  overall  increase  in  the  total  dissolved 
solids  load.  This  same  phenomenon  was  noted  to  occur  with  most  of  the 
major  ions  as  well  as  with  suspended  sediments. 

An  important  feature  of  the  study  was  the  detection  of  an  abrupt 
decrease  in  a  number  of  water  quality  parameters  in  the  Kootenai  River 
in  September  1968  which  could  be  attributed  to  treatment  of  an  indus¬ 
trial  discharge  entering  the  St.  Mary  River,  a  tributary  of  the  Kootenai 


River  in  British  Columbia.  The  decrease  was  observed  to  occur  in  the 
concentrations  of  Ca,  SO^,  F,  and  PO^  and  was  reflected  in  specific 
conductance  and  hardness  determinations. 

Concurrent  with  the  reduction  of  the  above  stated  water  quality  para¬ 
meters  was  an  observed  change  in  the  aquatic  insect  population.  The  pop¬ 
ulation  of  aquatic  insects  increased  between  1968  and  1969  and  remained 
high  throughout  the  remainder  of  the  study.  Such  strongly  suggests  that 
the  chemical  changes  in  the  river,  following  the  waste  water  treatment  of 
the  industrial  discharge  in  British  Columbia,  had  a  beneficial  effect  on 
the  insect  population. 

Concentrations  of  trace  elements  monitored  in  the  river  were  low  or 
within  the  range  characteristic  of  natural  waters,  except  for  Zn,  Ba,  and 
Sr.  Only  Zn,  however,  was  observed  in  concentrations  which  may  have,  at 
times,  exerted  sublethal  effects  on  aquatic  organisms  in  the  river. 

The  high  F  concentrations  observed  during  the  early  part  of  the  study 
were  of  concern  as  the  concentration  approached  and,  at  times,  exceeded, 
particularly  at  low  flow,  the  level  considered  to  be  toxic  to  aquatic 
life  (McKee  and  Wolf,  1963).  As  stated  above,  the  F  concentration  signi¬ 
ficantly  decreased  after  1968. 

Anmonia  concentrations  observed  in  the  river  were  often  very  high; 
levels  as  high  as  0.93  mg/1  were  observed.  The  mean  level  at  the  up¬ 
stream  border  station  was  11  mg/1.  The  high  observed  concentrations  of 
NH3  indicate  that  NH3  toxicity  may  have  been  a  problem  in  the  upper 
reaches  of  the  river.  The  high  pH  of  the  Kootenai  River  would  have 
tended  to  increase  the  toxicity  of  ammonia. 

Na  and  Cl  concentrations  increased  during  the  study  period.  While 
the  reason  for  the  increase  is  not  entirely  clear,  increases  in  indus¬ 
trial  and  domestic  wastes  are  suspect. 

Concentration  of  P  in  the  Kootenai  River  as  it  entered  the  United 
States  was  high,  particularly  in  1967  and  1968.  Mean  Ortho-P  concentra¬ 
tions  for  1967,  1968,  1969,  1970  and  1971  were  0.52,  0.42,  0.08,  0.12, 
and  0.06  mg/1,  respectively.  Total  P  was  not  monitored  at  the  upstream 
border  station  until  mid-1969;  the  mean  concentration  for  1969-71  ranged 
from  0.18  to  0.21  mg/1.  The  high  P  concentrations  in  the  river  are  at¬ 
tributable  to  the  waste  discnarges  of  a  fertilizer  plant  to  the  St.  Mary 
River  in  British  Columbia  (Northcote,  1972,  1973).  Despite  the  waste 
water  controls  of  the  fertilizer  industry  in  1968,  the  levels  in  the 
river  remained  high. 

Lower  mean  total  and  Ortho-P  concentrations  were  characteristic  of 
the  downstream  stations  as  the  result  of  dilution  from  low  P  runoff 
waters  to  the  river,  to  a  loss  of  P  by  sedimentation  processes,  and 
to  uptake  by  aquatic  organisms . 

Ortho-P  loading  of  the  Kootenai  River  entering  the  United  States 
is  estimated  to  have  been  in  excess  of  3,000  metric  tons/year  in  1968, 
declining  to  around  785  metric  tons/year  for  the  remainder  of  the  study 
period.  Northcote  (1973)  indicates  that  the  PO^-P  loading  of  the 
Kootenai  River  below  its  confluence  with  the  St.  Mary  River  has  approached 
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1,000  metric  tons/aimum  since  the  1960's.  Total  P  loading  for  1970  and 
1971  is  estimated  to  have  been  in  the  order  of  2,000  metric  tons/year. 

Total  N  concentrations  of  the  Kootenai  River  entering  the  United 
States  were  high.  The  mean  for  September  1969  through  March  1972  was 
0.41  mg/1.  On  the  average,  organic  -N,  N0--N,  NO2-N,  and  NH3-N  were 
34,  38,  2,  and  26  percent  of  total  N,  respectively.  Upon  leaving  the 
United  States,  the  percent  of  total  N  in  the  river  that  was  organic 
increased  to  39  percent,  while  the  percent  that  was  NO^-N  and  NH3-N 
decreased  to  36  and  to  23  percent,  respectively. 

The  N  loading  of  the  Kootenai  River  entering  the  United  States  is 
estimated  to  have  been  in  excess  of  3,000  metric  tons/year  for  1970  and 
1971. 

Concern  for  the  development  of  eutrophic  conditions  in  the  reservoir 
(Lake  Koocanusa)  formed  by  impoundment  of  the  Kootenai  River  by  Libby 
Dam,  as  a  result  of  high  P  concentrations  and  loadings  in  the  river,  has 
been  expressed  since  initiation  of  the  preimpoundment  study.  According 
to  the  best  available  guidelines  on  permissible  P  loading  for  lakes 
(Vollenweider ,  1968  1973),  Lake  Koocanusa  will  be  receiving  sufficient 

P  to  place  it  well  into  the  category  of  eutrophic  lakes  if  the  P  loading 
of  the  Kootenai  River  remains  consistent  with  that  found  for  1969-1972. 

The  annual  P  loading  expressed  per  unit  lake  surface  area  would  be  in 
the  order  of  10  g/m2,  the  estimate  being  based  on  a  conservative  esti¬ 
mate  of  total  P  loading,  1,500  metric  tons/yr,  and  an  average  lake  ele¬ 
vation  of  738  meters  (2,420  ft)  with  an  average  surface  area  of  1.5  x 
10®  m2  (3.75  x  10^  acres).  For  a  lake  with  the  mean  depth  (43  m  (113  ft)) 
and  retention  time  (0.5  yr)  expected  for  Lake  Koocanusa,  the  "permissible" 
and  "dangerous"  P  loading  levels  in  regard  to  eutrophication  given  by 
Vollenweider  (1973)  are  1.0  and  2.0  g/m2  yr,  respectively.  The  total  P 
loading  estimated  for  Lake  Koocanusa  will  be  an  order  of  magnitude 
greater  than  the  "permissible"  guideline  presented  by  Vollenweider  and 
the  dissolved  P  loading  will  be  approximately  4  times  the  guideline  for 
"permissible"  loading  in  respect  to  eutrophication.  The  dissolved 
portion  would  provide  an  immediate  source  of  P  for  algal  growth. 

The  critical  concentration  of  N  in  a  lake  at  the  beginning  of  the 
growing  season  above  which  excessive  algae  blooms  may  be  expected  to 
occur  is  0.2-0. 3  mg/1  when  P  concentrations  are  from  0.01  to  0.02  mg/1 
(Sawyer,  1947;  Mackenthun,  1965;  Vollenweider,  1968).  The  mean  N 
concentration  of  the  Kootenai  River  upon  entry  into  the  United  States 
was  0.41  mg/1  while  the  P  concentration  was  an  order  of  magnitude 
greater  than  the  critical  0.02  mg/1  value.  The  "permissible"  and 
"dangerous”  N  loading  level  in  respect  to  potential  development  of 
eutrophic  conditions  for  a  lake  with  the  mean  depth  expected  for  Lake 
Koocanusa  is  predicted  at  4  g/m2  yr  and  8  g/m2  yr,  respectively 
(Vollenweider,  1968).  The  estimated  loading  to  Lake  Koocanusa,  based 
on  river  loading  for  the  study  period,  is  20  g/m2  yr,  of  which  about 
two-thirds  is  Inorganic  N. 

Although  the  exact  biological  response  of  a  lake  to  nutrient  en¬ 
richment  is  exceedingly  difficult  to  determine,  the  state  of  the  art 
does  allow  statements  regarding  a  lake  if  it  is  threatened.  It  is  note¬ 
worthy  that  Vollenweider *s  loading  criteria  in  relation  to  development 
of  eutrophic  conditions  in  a  lake  are  in  excellent  agreement  with 
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limnological  experience.  Lake  Koocanusa  can  be  expected  to  develop 
eutrophic  conditions,  particularly  nuisance  algae  blooms,  if  P  and 
N  loading  remains  consistent  with  that  found  during  this  study. 

The  high  nutrient  content  of  the  Kootenai  River  has  resulted  in 
eutrophic  conditions  developing  in  Kootenay  Lake.  The  principal  inflow 
to  Kootenay  Lake  is  the  Kootenai  River  and,  according  to  Northcote 
(1972,  1973),  the  accelerated  eutrophication  of  Kootenay  Lake  is  attri¬ 
butable  to  the  single  industrial  outfall  on  the  St.  Mary  River  which  is 
the  major  source  of  P  in  the  Kootenai  River.  Northcote  reports  that 
the  biological  changes  that  have  occurred  in  Kootenay  Lake  since  the 
industry  began  to  discharge  to  the  St.  Mary  River  have  been  increased 
algae  abundance  with  extensive  blooms  occurring  in  some  years  and 
localized  blooms  on  others.  The  extensive  algae  blooms  have  been 
reported  to  impart  offensive  odor  and  taste  to  the  water  and  to  fish. 

The  effect  of  dam  construction  on  the  river  water  quality  appeared 
to  be  limited  to  increases  in  suspended  sediment  and  turbidity.  During 
the  study  period,  the  increase  in  suspended  sediment  between  the  sam¬ 
pling  stations  upstream  and  downstream  of  the  dam  site  averaged  around 
10  percent.  For  short  periods  of  time,  considerable  increases  in  sus¬ 
pended  sediment  did  occur,  however,  particularly  during  the  periods  of 
high  discharge  in  1968  and  1969.  The  two  major  events  which  led  to 
large  increases  in  suspended  sediment  and  turbidity  were  the  river 
diversions  for  the  first  and  second  stage  cofferdam  construction. 

The  aquatic  insect  population  for  14.5  km  (9  miles)  below  the 
Libby  Dam  site  was  found  to  be  smaller  than  the  population  above  the 
dam  site.  The  supression  of  the  insect  population  below  the  dam  is 
attributed  to  the  increase  in  suspended  sediment  caused  by  construc¬ 
tion  activities  related  to  the  Libby  Dam  Project. 
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APPENDIX:  WATER  QUALITY  DATA  AND  RELATED  INFORMATION  FOR  THE 
UNITED  STATES  REACH  OF  THE  KOOTENAI  RIVER  FOR  THE  PERIOD 
OCTOBER  1967  THROUGH  MARCH  1972 
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Figure  1.  Duration  curves,  Kootena  River  at 
Libby,  Montana. 
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Figure  2.  Mean  daily  water  temperatures  in  the  Kootenai  River, 
1967. 
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Figure  3.  Mean  dally  water  temperatures  in  the  Kootenai  River, 
1968. 
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Figure  8.  Suspended  seii- 
ment  concentrations  in  the 
Kootenai  River,  1969. 


Figure  9.  Suspended 
sediment  concentrations 
in  the  Kootenai  River, 
1970. 
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Figure  10.  Suspended 
sediment  concentrations 
in  the  Kootenai  River, 
1971. 


Figure  11.  Suspended 
sediment  concentrations 
in  the  Kootenai  River, 
1972. 
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Table  2.  Haste  Source  Discharges  in  the  Kootenai  River  Basin  Prior  to  1972. 
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Figures  prior  to  September  1971  win  obtained  Iron  the  stress  gage  at  Her  lend. 
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DAILY  SUSPENDEC  SEDIMENT,  WATER  YEAR  OCTOBER  1967  TO  SEPTEMBER  1961 
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2471 

7Q394C 

— 

295140 

1262700 

— 

7C44C0 

daily 

SUSPENCEC 

SE01PENT,  WATER  YEAR 

OCTOBER  1967 

TO  SEPTEPBER  1966 

JULY 

AUGUST 

SEF7EMBER 

PEAN 

-FAN 

PEAK 

PEAK 

CONCEN¬ 

PEAK 

concen¬ 

MEAN 

CONCEN¬ 

DISCHARGE 

TRATION 

LOAD 

DISCHARGE 

tration 

LOAO  . 

DISCHARGE 

TRATION 

LCAC 

DAY 

(CPSI 

(NG/LI 

(TONS)1 

ICFSI 

IPG/LI 

I  TONS 1 ' 

!CP$» 

IPG/ll 

IUKSI 

l 

284C0 

60 

4600 

13CCC 

10 

630 

7860 

0 

17C 

2 

279C0 

59 

4400 

122GC 

13 

430 

779C 

10 

21C 

3 

26500 

67 

4900 

1180C 

10 

320 

7790 

8 

170 

4 

30100 

67 

5400 

118CC 

10 

320 

7590 

9 

IEp 

5 

31900 

94 

7200 

11TC0 

10 

320 

7310 

11 

22C 

6 

33500 

94 

8500 

117CC 

10 

320 

706C 

6 

15C 

7 

36200 

98 

9600 

117CC 

14 

440 

6860 

9 

11C 

8 

36700 

96 

9500 

U2CC 

40 

1200 

7090 

6 

110 

9 

34900 

76 

7100 

10400 

19 

510 

7620 

8 

16C 

10 

32800 

60 

5300 

982C 

10 

270 

7200 

5 

57 

n 

31600 

56 

4600 

9440 

10 

250 

686C 

5 

52 

12 

29000 

66 

5200 

94GC 

17 

430 

6960 

10 

19C 

13 

28300 

81 

6200 

9400 

14 

360 

6750 

6 

tie 

16 

2T000 

63 

6600 

922C 

10 

250 

6570 

6 

11 

15 

23100 

49 

3000 

928C 

10 

250 

689C 

9 

150 

16 

20100 

54 

2900 

101CC 

10 

270 

6780 

12 

220 

17 

19600 

46 

2300 

1090C 

12 

350 

67CC 

6 

110 

IP 

17600 

43 

2000 

9060 

22 

540 

7000 

7 

ISC 

19 

16300 

34 

1500 

936C 

to 

260 

8230 

12 

2TC 

20 

16300 

25 

1(00 

9220 

8 

200 

969C 

13 

see 

21 

17400 

28 

1300 

90 1C 

6 

150 

84 4 C 

10 

230 

22 

16700 

33 

1700 

9040 

5 

120 

8080 

6 

ISC 

23 

17400 

32 

1500 

89SC 

6 

160 

7620 

9 

140 

24 

16500 

36 

1700 

0640 

5 

110 

T59C 

T 

16C 

25 

16500 

21 

940 

8260 

11 

250 

7540 

6 

12C 

26 

19400 

32 

1300 

793C 

9 

170 

7460 

15 

see 

27 

14700 

IT 

670 

8610 

7 

160 

765 C 

11 

290 

28 

143C0 

20 

770 

0690 

9 

210 

0080 

to 

22C 

29 

14200 

14 

940 

8980 

9 

HO 

9470 

9 

210 

30 

14200 

16 

690 

865C 

F 

190 

9290 

6 

13C 

31 

139CC 

11 

460 

817C 

7 

150 

— 

— 

— 

TOTAL 

720000 

— 

111590 

30620C 

— 

9860 

226A7C 

— 

5170 

TOTAL 

DISCHARGE 

FOP  VFAR  (CFS-OAVS) 

34*500 

total 

tOAO  FOR  TEAR  fTONSI 

1144800 

04J  l  V 

SUSPENDED 

SIC1“E*T,  WATER  YEAR 

CCTOilO  I960 

TP  SEPTEWBM  1569 

OCTO0f0 

NPVF W6FE 

CECI FRFfc 

«€4N 

REAR 

PEAM 

KMN 

CONCEN- 

PEAK 

CCKC'R- 

WEAK 

CCKCEK- 

OI3CH44C0 

TR ATTCK 

LP40  , 

DISCHARGE 

70  6  T  TON 

LHAO  , 

DISCHARGE 

TPATICN 

tc#t 

04V 

(CFSI 

f*G/LI 

irons*1 

icm 

<*G/l) 

ITONS) 

ICES) 

<PC/LI 

(ICRS) 

1 

7550 

9 

194 

6470 

7 

122 

41 1C 

4 

44 

2 

7740 

5 

105 

642C 

5 

87 

4060 

4 

44 

3 

7400 

5 

101 

626C 

6 

101 

411 C 

5 

55 

4 

7140 

7 

119 

6130 

0 

132 

4220 

6 

60 

5 

7120 

5 

96 

595C 

0 

129 

4220 

5 

57 

6 

7050 

5 

96 

5740 

6 

93 

3010 

12 

123 

7 

6550 

5 

54 

562C 

5 

76 

3260 

31 

273 

0 

6750 

4 

73 

5330 

4 

58 

3420 

14 

129 

9 

6450 

3 

53 

513C 

6 

83 

3800 

8 

02 

10 

6310 

4 

60 

5000 

6 

82 

303C 

6 

62 

11 

6550 

4 

71 

5C0C 

5 

69 

4380 

7 

03 

12 

6730 

5 

91 

53CC 

7 

100 

436C 

7 

02 

13 

690C 

4 

75 

552C 

6 

69 

3800 

12 

123 

14 

6920 

5 

93 

5240 

6 

05 

350C 

13 

123 

15 

673C 

12 

210 

504  C 

5 

60 

364  C 

a 

79 

16 

6550 

6 

106 

5C2C 

14 

190 

308C 

6 

63 

17 

6230 

9 

151 

4690 

0 

101 

4000 

7 

77 

10 

5900 

13 

210 

4690 

4 

51 

4080 

9 

55 

14 

570C 

6 

94 

450C 

1C 

124 

406C 

13 

143 

20 

5010 

4 

63 

45  EC 

23 

204 

3400 

7 

64 

21 

5700 

3 

47 

4710 

16 

203 

3210 

6 

52 

22 

5640 

3 

46 

404C 

5 

65 

2840 

6 

46 

23 

5520 

4 

60 

5O0C 

6 

02 

296C 

4 

32 

24 

5300 

5 

73 

4970 

5 

67 

2840 

4 

31 

25 

9300 

4 

50 

493C 

5 

67 

3040 

5 

41 

26 

564C 

4 

61 

464C 

5 

63 

3260 

7 

62 

27 

6130 

5 

03 

446C 

4 

48 

2640 

0 

61 

20 

6210 

6 

101 

4240 

4 

46 

26CC 

13 

91 

29 

6000 

3 

49 

424C 

3 

34 

2400 

23 

149 

3C 

6130 

4 

66 

417C 

4 

45 

2300 

13 

01 

31 

6650 

6 

ice 

— 

— 

•• 

2200 

5 

2C 

TOT  41 

200100 

— 

2943 

15415C 

— 

2844 

106510 

— 

2549 

DAILY 

SUSRSNOEO  SEniRENT,  WATER  YEAR 

CCTOEfR  1968 

TO  SfRTEHBER 

1569 

JANUARY 

FEBRUARY 

MRC«- 

WEAN 

WEAK 

HEAN 

•EAN 

CnNCEN- 

PEAR 

CCNC EA¬ 

WEAK 

CCKCEK- 

DISCHARGE 

TR  AT  I  OK 

LOAC 

DISCHARGE 

TERY  ION 

LOAD 

DISCHARGE 

7RAT1CN 

LC  AC 

DAY 

ICES! 

t  WG/LI 

( TONS) * 

ICES) 

<*G/U 

ITflNSI 

ICESI 

C*G/LI 

(TCKSI 

1 

240C 

9 

58 

27CC 

5 

36 

275C 

13 

57 

2 

2600 

8 

56 

27CC 

4 

29 

2740 

9 

67 

3 

2000 

a 

60 

28CC 

5 

38 

274C 

10 

74 

4 

3000 

13 

105 

2900 

6 

47 

271C 

6 

64 

5 

3200 

16 

156 

3000 

5 

40 

2730 

10 

74 

6 

3300 

20 

178 

2900 

6 

47 

2790 

7 

52 

7 

3400 

12 

110 

28CC 

9 

68 

2820 

5 

28 

0 

3900 

10 

94 

2700 

9 

66 

264C 

7 

5C 

9 

3600 

13 

126 

26CC 

13 

91 

2640 

7 

;c 

10 

3500 

15 

142 

250C 

11 

74 

265C 

5 

36 

11 

3400 

15 

F38 

250C 

15 

101 

2650 

5 

36 

12 

3300 

13 

116 

26CC 

12 

91 

265C 

7 

SC 

13 

3200 

15 

ISO 

26CC 

11 

77 

2660 

9 

65 

14 

3200 

11 

95 

26QC 

12 

64 

2760 

IT 

127 

19 

330C 

10 

89 

2700 

16 

117 

276C 

7 

•2 

16 

3500 

9 

85 

2700 

15 

109 

275C 

6 

45 

17 

360C 

11 

107 

260C 

13 

91 

2990 

14 

113 

10 

3600 

21 

204 

26CC 

11 

77 

32  70 

16 

141 

19 

3500 

9 

85 

2500 

10 

68 

346C 

5 

47 

20 

3300 

3 

27 

24CC 

13 

04 

1460 

15 

14C 

21 

310C 

2 

17 

2500 

12 

81 

336C 

21 

191 

22 

3000 

1 

8.1 

26CC 

13 

91 

3360 

14 

127 

29CC 

1 

7.8 

273C 

10 

74 

3380 

10 

51 

24 

2900 

1 

7.0 

2T1C 

E 

59 

32  7C 

21 

185 

25 

3000 

1 

0.1 

2730 

9 

66 

326C 

17 

ISC 

26 

3100 

3 

25 

276C 

7 

52 

3230 

16 

157 

27 

320C 

10 

86 

275C 

9 

67 

3230 

9 

70 

28 

3100 

2 

17 

275C 

T 

52 

3390 

11 

1C1 

3000 

% 

24 

•• 

•* 

— 

364C 

14 

138 

30 

2600 

5 

38 

-- 

-• 

— 

3460 

18 

its 

31 

2700 

7 

51 

— 

— 

•• 

400C 

23 

248 

total 

98000 

— 

2450.8 

74950 

— 

1977 

9422C 

— 

3CS4 

95 


7 


DAILY  SUSPENDED  SFDT wrNT ,  MTU  yp*n  f CTOPFP  1964  Tn  SCPTEM8CP  1969 


ftPBIL 

9  A  V 

JUNE 

MEAN 

*€  AN 

PC  AN 

MEAN 

C"NCFN- 

MfAN 

crucpw- 

MEAN 

CCACf*- 

01 SCMA3G6 

T14TICK 

LOAD  , 

riscwiacf 

to at !TN 

L^AC  , 

DISCHARGE 

TtATION 

LCAC 

04V 

ICES) 

I9G/L ) 

I TONS I1 

(CPS) 

I56/U 

ncMr 

(CPS) 

1  PC/ll 

ITCASt 

l 

49CC 

28 

346 

198CC 

57 

3050 

46500 

138 

173CC 

7 

4990 

34 

458 

181CC 

42 

2050 

44300 

119 

142C0 

3 

5190 

37 

518 

17200 

31 

1440 

4810C 

156 

2C3CC 

4 

5330 

39 

561 

167CC 

3C 

1350 

56100 

300 

49400 

5 

5400 

30 

437 

167C0 

25 

1090 

6340C 

370 

641CC 

6 

5950 

42 

675 

163CC 

25 

1100 

67900 

407 

693CC 

7 

7120 

65 

1250 

184CC 

37 

1840 

69200 

458 

tucc 

0 

841 C 

82 

1860 

224C0 

69 

4170 

69200 

294 

918CC 

9 

9250 

70 

1750 

253CC 

96 

6560 

5730C 

243 

37900 

10 

IC4CC 

71 

1990 

3060C 

199 

16400 

51900 

200 

20CCC 

11 

nocc 

77 

2290 

3BSCC 

37C 

38500 

50900 

147 

2C2CC 

12 

naco 

71 

2260 

471CC 

439 

55800 

499CC 

112 

151CC 

13 

12800 

66 

2280 

327CC 

535 

76100 

467C0 

1C9 

nice 

14 

13500 

49 

1790 

5220C 

537 

75700 

417C0 

90 

11CC0 

15 

11S0C 

47 

1710 

57800 

490 

76500 

36100 

94 

9160 

16 

1340C 

43 

1560 

539CC 

325 

4T100 

3260C 

76 

4490 

17 

136CC 

46 

1690 

467CC 

200 

25200 

31900 

75 

43CC 

IB 

15500 

77 

3220 

418CC 

131 

14800 

3210C 

66 

9120 

19 

17700 

no 

5260 

39000 

104 

11000 

33900 

69 

432C 

20 

170C0 

65 

2980 

385CC 

88 

9150 

37900 

137 

14CC0 

2t 

15CCC 

45 

1820 

37600 

76 

7700 

442  CC 

137 

163CC 

22 

13900 

37 

1390 

373CC 

65 

6550 

40900 

104 

24  ICO 

23 

14800 

55 

2200 

40CCC 

79 

8530 

462  CC 

91 

114CC 

24 

23000 

232 

14400 

461 CC 

88 

11000 

43400 

90 

I19C0 

25 

31300 

327 

27600 

5310C 

28C 

40100 

4260C 

98 

Ilf  00 

26 

28200 

178 

13600 

598CC 

463 

74800 

46900 

100 

197CC 

27 

23300 

107 

6730 

6340C 

525 

89900 

48100 

129 

146C0 

2B 

21000 

63 

3570 

59100 

314 

30100 

40700 

139 

102CO 

29 

19400 

50 

2620 

509CC 

2C8 

28600 

40600 

120 

157C0 

3C 

2040C 

55 

3030 

48100 

177 

23000 

470GC 

00 

112CC 

31 

— 

— 

— 

501CC 

218 

29900 

— 

— 

— 

T0T4L 

416720 

— 

111845 

12147C0 

— 

038980 

I42740C 

— 

TlfCIC 

OA!l> 

SUSPENDED 

sediment,  katep  yean 

CCTO0C8  I960 

TO  SCPT?W0E0  1949 

JULY 

AUGUST 

SCMEP0EP 

MEAN 

MEAN 

MEAN 

WEAN 

CONCEN¬ 

MEAN 

CONCEN¬ 

•fAN 

CCNCIN- 

OISCHAAGE 

TRATION 

IOAC  , 

CtSOAPGF 

TRATION 

LOAD  , 

OISCHAA0E 

7M7ICN 

iCAC 

OAV 

ICFS) 

(  MG/L ) 

(TONS)1 

ICfSI 

(MG/LI 

I  TONS)' 

(CPS) 

IFC/U 

ncNSi 

1 

43200 

05 

9910 

13200 

15 

535 

6340 

5 

84 

7. 

4090C 

76 

0310 

127CC 

11 

377 

6240 

5 

85 

3 

38900 

61 

6410 

123CC 

10 

322 

6110 

4 

99 

4 

3920C 

67 

7090 

12000 

9 

29  2 

9090 

• 

121 

5 

30400 

65 

6740 

114CC 

0 

246 

9000 

7 

110 

6 

36  ICO 

72 

7130 

II4CC 

7 

219 

5700 

9 

70 

7 

34000 

49 

4500 

115CC 

9 

279 

9160 

• 

123 

8 

3280C 

93 

0240 

1 1000 

9 

267 

9700 

7 

1C0 

9 

306CC 

06 

7110 

1060C 

9 

250 

9900 

0 

114 

10 

2970C 

57 

4570 

10BCC 

9 

290 

9900 

9 

72 

11 

29100 

41 

3220 

9920 

8 

214 

9900 

3 

49 

12 

279C0 

39 

2940 

9000 

8 

212 

9196 

9 

1C 

13 

268C0 

35 

2530 

969C 

8 

200 

9190 

T 

57 

14 

24500 

39 

2580 

923C 

0 

199 

9100 

9 

1C 

15 

2300C 

43 

2670 

B97C 

7 

110 

9960 

4 

86 

16 

21300 

40 

2300 

868C 

3 

111 

9706 

9 

17 

17 

2000C 

29 

1370 

060C 

0 

107 

9690 

4 

99 

10 

19200 

33 

1810 

868C 

0 

107 

9300 

4 

91 

19 

104CC 

27 

1360 

0390 

7 

139 

9900 

9 

12 

20 

182C0 

31 

1920 

7900 

6 

129 

9300 

4 

08 

21 

179CC 

16 

773 

7700 

7 

147 

9120 

4 

51 

22 

17000 

10 

481 

764C 

T 

144 

9910 

• 

128 

23 

17900 

10 

050 

7sec 

5 

102 

9910 

9 

144 

24 

17400 

18 

046 

7500 

7 

143 

6990 

11 

159 

23 

17200 

13 

604 

74  8C 

9 

102 

6090 

14 

295 

26 

17200 

15 

697 

7400 

0 

162 

6790 

14 

191 

27 

16600 

14 

627 

764C 

9 

106 

6700 

12 

211 

28 

13700 

12 

509 

740C 

9 

102 

66  CC 

• 

110 

29 

150 00 

If 

527 

732C 

5 

99 

6000 

T 

111 

30 

14400 

13 

305 

716C 

5 

97 

6660 

7 

121 

31 

13800 

17 

633 

6TC0 

7 

127 

— 

— 

•• 

r0T  Al 

773100 

— 

99362 

200220 

— 

6394 

174700 

— 

1990 

TOTAL  OtSCHAPGE  *0«  YCAP  I CPS-OAYS) 
TOTAL  IC40  POP  VCA5  I  TOW?) 


fOIMIO 
I Tt 9904*1 


TAILS  1?. f 


SUSP ENDED- $E0 1 MEN 1  01  $C  MARGE •  RATER  YEAR  CCTCRER  1969  TO  SEPTEMBER  1970 


OCTOBER 


NOVFMpfR 


MEAN 

MEAN 

CONCEN¬ 

SECINENT 

OAV 

OISCHARGE 

TRATION 

DISCHARGE  , 

CCPS1 

IN6/U 

(TONS/ CAY r 

1 

TOOO 

IS 

319 

2 

0750 

29 

005 

3 

8390 

14 

317 

4 

7950 

7 

15C 

9 

7130 

• 

154 

* 

6020 

* 

110 

7 

*110 

5 

•2 

0 

*260 

4 

*0 

9 

*800 

4 

74 

10 

*230 

4 

*7 

11 

5970 

2 

32 

12 

50*0 

B 

121 

13 

5400 

6 

•  7 

14 

5400 

2 

29 

15 

5050 

2 

27 

1* 

5030 

2 

27 

17 

4910 

1 

13 

10 

4010 

4 

52 

19 

4790 

5 

*9 

20 

4*70 

18 

227 

21 

4400 

12 

143 

22 

4400 

4 

40 

23 

4030 

2 

22 

24 

42*0 

2 

23 

25 

*010 

2 

2* 

24 

4070 

4 

50 

27 

4500 

4 

49 

20 

4130 

2 

22 

29 

4150 

2 

22 

30 

4030 

4 

44 

31 

4450 

4 

40 

TOTAL 

112100 

— 

3209 

UM  17.10 

WAN 

OISCHMCC 

SUSMNOCO-SCOIMCNT 

JANUARY 

NCiN 

CONCCN-  SCOINCNT 

T* AT  ION  OISCHARGE  . 

on 

KNI 

(NO/LI 

(TONS/  C  AY  f 

I 

1700 

9 

23 

2 

1700 

4 

IB 

1 

1400 

4 

IT 

♦ 

1900 

4 

1* 

< 

1900 

4 

14 

• 

1400 

4 

13 

7 

1900 

0 

32 

• 

1000 

5 

22 

9 

1700 

* 

20 

10 

1000 

10 

49 

11 

1900 

10 

92 

12 

2100 

13 

74 

IS 

2200 

1* 

43 

1* 

2900 

10 

112 

If 

2400 

12 

71 

10 

2400 

12 

70 

17 

2900 

13 

43 

10 

2100 

11 

*2 

t* 

2900 

0 

50 

20 

2900 

3 

54 

21 

2700 

4 

44 

22 

2*00 

10 

70 

2> 

9000 

13 

109 

24 

9100 

13 

104 

2S 

9200 

11 

45 

MEAN 

MEAN 

CONCEN¬ 

SEOIMEKT 

MEAN 

DISCHARGE 

TRATION 

DISCHARGE 

OISCHARGE 

ICRS) 

IMG /LS 

( TONS /OAV | 1 

(CPSI 

3930 

4 

42 

2970 

4030 

* 

*5 

3090 

4130 

4 

45 

3180 

4190 

3 

34 

3000 

4130 

5 

9* 

2950 

4490 

* 

73 

2950 

5000 

5 

*0 

2950 

5000 

10 

137 

2990 

4510 

0 

91 

3020 

4700 

7 

09 

3020 

4210 

10 

114 

2960 

4340 

4 

47 

2960 

4450 

2 

24 

3240 

4450 

3 

36 

3310 

4170 

* 

60 

3310 

3950 

3 

32 

3560 

4030 

3 

33 

3*30 

4130 

5 

5* 

3*50 

4210 

3 

34 

3390 

4130 

4 

45 

3240 

4130 

5 

5* 

3310 

35*0 

5 

40 

3310 

3710 

3 

30 

3310 

3910 

3 

32 

3330 

4010 

1 

11 

31*0 

3390 

3 

27 

2080 

3310 

4 

36 

2800 

3240 

4 

35 

1000 

3020 

8 

*5 

1700 

2950 

* 

40 

1700 

— — 

— 

““ 

1700 

121490 

— 

1583 

92450 

OISCHARGE,  RATER  YEAR  OCTOBER  19*9  TO  SEPTEMBER  197C 
FEBRUARY 


MEAN 


MEAN 

CONCEN¬ 

SEOIMENT 

MEAN 

OISCHARGE 

TRATION 

DISCHARGE 

OISCHARGE 

(CPSI 

(MG/LI 

1  TONS/DAY) 1 

(CPSI 

27*0 

6 

45 

24*0 

2620 

7 

50 

2430 

2700 

11 

00 

2400 

2640 

* 

43 

2350 

2700 

7 

51 

2370 

2700 

* 

44 

2350 

2700 

9 

50 

2*20 

2700 

6 

44 

2*40 

2100 

5 

30 

2*40 

2700 

5 

3* 

2*40 

2700 

5 

3* 

2**0 

2700 

• 

50 

2030 

2700 

1* 

117 

2460 

2640 

0 

57 

3000 

2*40 

11 

70 

3000 

2830 

7 

53 

3000 

2870 

0 

*2 

2000 

2070 

10 

77 

2000 

28*0 

11 

05 

2410 

28*0 

1* 

124 

2920 

2400 

7 

55 

2920 

2400 

0 

03 

2700 

27*0 

7 

52 

2*40 

2*40 

3 

21 

2*40 

2570 

2 

14 

2*40 

H 

IT 

n 

n 

•0 

tl 


SIM 

SIM 


iim 

ITM 

ttM 


9  ?• 

It  too 

•  04 

9  31 

5  31 


tsoo 

2900 

2900 


41 

2*40 

*1 

2*40 

41 

2700 

•- 

2700 

mm 

2700 

mm 

2T00 

mot  moo 


1100  13000 


ISOt  03500 


CECEP0ER 

MEAN 

cckcen- 

traticn 

(MG/LI 


I 


MARCH 

PEAR 

CONCEN¬ 

TRATION 

IPG/ll 

* 

5 

* 

5 

4 

5 

6 
7 

« 

11 

7 

15 

10 

3 
O 

12 
0 
6 
$ 
B 

0 

9 

2 

7 

0 

it 

10 

0 

7 

4 
2 


SEC  IRIRT 

DISCHARGE 

(TCAS/CAY) 

40 

03 

43 

49 

40 

4C 

41 

40 

49 

33 


48 

24 

35 

54 

94 


30 
49 
49 
04 
61 

94 

71 

03 

54 

51 

31 
21 
29 
14 
14 
23 

1384 


SEC1PEM 
CISCHARGE  t 
(TCNS/CAY) 1 

4C 

33 

39 

32 

26 

32 

42 

50 

57 

79 

5C 

115 

BC 

41 

49 

97 

47 

41 

03 

63 

47 

22 

14 

50 

51 

0* 

71 

44 

51 

29 

19 

1300 


97 


TAILS  17.11 


susrended-sfoinent  discharge,  water  year  October  is**  tc  sertcnber  istc 


AFRIL 

NAY 

JURE 

HEAN 

NFAR 

REAR 

MEAN 

CONCEN¬ 

SEC  IHENT 

RFAR 

CONCEN¬ 

SEOINFHT 

HFAN 

CONCEN¬ 

DISCHARGE 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

DISCHARGE  . 

DISCHARGE 

TRATION 

OAV 

CCFSI 

IRC/ll 

ITONS/CAYT 

ICFS) 

l*G/ll 

ITONS/DAV)1 

ICFS) 

(RG/l) 

1 

2790 

2 

15 

33*0 

10 

91 

23*00 

*7 

2 

2790 

9 

60 

3**0 

13 

121 

25800 

07 

3 

2790 

5 

30 

*090 

30 

*20 

31900 

130 

* 

2790 

23 

5*70 

50 

730 

*0200 

103 

5 

2790 

5 

30 

7*20 

120 

2560 

*7*00 

222 

* 

2910 

* 

31 

1C*0C 

130 

3*50 

*9*00 

223 

7 

32*0 

3 

2C 

1*000 

132 

*990 

*8000 

1*2 

0 

3590 

* 

50 

1*300 

130 

5720 

*6000 

72 

9 

3510 

* 

57 

1**00 

05 

37*0 

***C0 

56 

10 

3510 

6 

57 

15900 

*1 

1760 

*2300 

3* 

11 

3*70 

5 

50 

15000 

2* 

972 

37IC0 

31 

12 

3*70 

5 

5C 

1*100 

20 

7*1 

30*00 

29 

13 

3560 

* 

50 

12*00 

20 

*80 

2*000 

25 

1* 

3390 

5 

** 

11300 

20 

610 

25200 

22 

15 

32*0 

* 

35 

1CS00 

20 

5*7 

2*900 

28 

1* 

3210 

* 

52 

11000 

2* 

713 

29*00 

9* 

17 

3100 

0 

*9 

15300 

*7 

2770 

3*300 

120 

10 

31*0 

5 

*2 

22900 

1** 

9030 

35900 

133 

19 

3170 

8 

60 

2*000 

190 

12700 

3*500 

97 

20 

32*0 

* 

52 

2*700 

210 

1*500 

33000 

*9 

21 

3390 

* 

37 

2*500 

70 

51*0 

32700 

5* 

22 

3500 

5 

*7 

25300 

1*0 

101  CO 

31*00 

*0 

23 

3510 

7 

** 

2*000 

1*7 

12100 

30*00 

6* 

2* 

3510 

* 

30 

20200 

15* 

11700 

20*00 

62 

25 

35*0 

7 

67 

29000 

150 

12100 

2*900 

*0 

2* 

3590 

12 

11* 

3350C 

132 

11900 

23300 

2* 

27 

3590 

11 

107 

30500 

09 

9250 

21000 

23 

20 

35*0 

* 

30 

3*900 

79 

7**0 

21700 

2* 

29 

3400 

5 

*6 

29000 

77 

*200 

22000 

22 

30 

33*0 

0 

73 

26300 

70 

55*0 

21*00 

35 

91 

— 

— 

— 

2**00 

68 

**00 

— 

— 

van 

99130 

— 

15*0 

500900 

— 

163C03 

9731 CO 

— 

TAUt 

17.12 

SUSRFNDEO-SEOINFNT 

DISCHARGE*  RATFfl 

YFAp  OCTneiR  19*9  TC 

SERTENBFR  197C 

JULY 

AUGUST 

SEPTEN0ER 

HEAN 

NEAR 

REAN 

HEAN 

CONCEN¬ 

SEC  WENT 

REAN 

CONCEN¬ 

SEOINENT 

NEAR 

CONCEN¬ 

DISCHARGE 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

OISCMARGF  , 

DISCHARGE 

TRATION 

DAY 

ICFSI 

INC/l) 

ITCNS/CAV) 

ICFS ) 

I«G/l) 

ITORSTOAY) 1 

ICFSI 

ING/l) 

1 

21000 

32 

10IC 

9100 

0 

197 

♦95C 

9 

2 

19700 

25 

15*C 

0000 

0 

190 

*970 

IT 

3 

10500 

25 

12*0 

0300 

6 

13* 

5210 

20 

* 

17*00 

20 

9*0 

01*0 

* 

132 

5*5(7 

1* 

5 

17700 

22 

1050 

7990 

0 

173 

5*00 

9 

* 

17000 

23 

1110 

02*0 

7 

15* 

5210 

7 

7 

17000 

1* 

73* 

70*0 

7 

1*8 

5100 

10 

• 

15*00 

13 

5*8 

7*50 

9 

106 

5190 

0 

9 

14000 

11 

**0 

7050 

0 

1*5 

5*00 

8 

10 

14000 

10 

*00 

7*00 

9 

180 

5130 

9 

II 

1*200 

12 

*60 

*810 

12 

221 

5000 

7 

12 

13*00 

13 

*77 

*550 

11 

195 

*000 

* 

13 

12*00 

I* 

*7* 

0*20 

9 

15* 

*0*0 

1* 

1* 

12200 

12 

395 

63*0 

11 

109 

*6*0 

5 

15 

11200 

10 

302 

63*0 

1* 

2*0 

*520 

* 

1* 

10*00 

11 

315 

*130 

1* 

2*5 

4*00 

5 

17 

10600 

13 

372 

578C 

12 

107 

*120 

* 

18 

10500 

12 

3*0 

5010 

0 

125 

*200 

5 

15 

10*00 

11 

315 

5700 

10 

15* 

*500 

5 

20 

9960 

12 

723 

5570 

0 

120 

5950 

0 

21 

9*50 

10 

2*1 

5350 

5 

72 

*000 

11 

22 

9*00 

7 

103 

5300 

13 

10* 

5900 

0 

23 

9790 

* 

159 

5240 

10 

141 

5000 

1C 

2* 

9370 

5 

220 

52*0 

* 

57 

5000 

9 

25 

00*0 

5 

213 

5100 

5 

72 

5**0 

10 

2* 

0710 

10 

235 

5210 

5 

70 

5350 

* 

27 

0000 

0 

191 

5170 

* 

0* 

5150 

1* 

29 

9130 

11 

271 

5000 

6 

02 

5000 

* 

29 

9790 

5 

230 

5130 

13 

100 

*950 

7 

30 

9750 

IS 

39* 

5170 

10 

1*0 

*910 

5 

31 

5200 

10 

251 

5130 

* 

55 

•• 

•* 

TCTAl 

353070 

— 

1*215 

200000 

— 

*65* 

15**00 

— 

TCTAl  DISCHARGE  FOR  VIM  tCFS-OAYS) 

Tan  SUSRCNOIO-SCOfMNT  DISCHARGE  FOR  YEAR  I  TONS) 


98 


SEC  INERT 

CISCHARCE 

HCAS/CAV)1 

*21C 

60*0 

uscc 

19900 

205CO 

29900 

IETCC 

9I0C 

671C 

38IC 

me 

2300 

17*0 

15CC 

203C 

75 1C 
11900 
12900 
90*0 
*300 

*7TC 

*100 

5290 

*75C 

2*90 

1510 

1350 

1*10 

1310 

2C2C 


22655C 


SIC  INERT 
DISCHARGE  , 
I TCRS/CAV) ' 

121 

220 

39* 

2C( 

131 

90 

130 

112 

117 

125 

9* 

79 

IE* 

*3 

73 

*0 

70 

50 

*2 

129 

101 

127 

159 

1*1 

153 

07 

195 

02 

9* 

*4 


9031 

3C171*C 

*27019 


ttllMlI.li  SUSFEPDEC-SEOINtNT  0ISCH»pr.E,  W»TE«  YF»R  rrTC«f»  |*K  T"  Sf»T«*g«P  1<17 1 


octomr 

NOVc»RE» 

CECERSfR 

R  CAN 

MEAN 

MEAN 

MEAN 

CONCEN¬ 

SEDIMENT 

MEAN 

CONCEN- 

SEOIMENT 

MEAN 

CCNCEN- 

SEC  INERT 

DISCHARGE 

TRATION 

DISCHARGE  . 

DISCHARGE 

T9  A  T  T  OH 

DISCHARGE  , 

01  SCHARGE 

tratick 

CISCHARGE 

OAY 

ICESI 

CM6/LI 

1 TGNS/CAVl' 

ICESI 

IHC./ll 

ITCNS/CAVI1 

fCESI 

IMG/L  » 

nCRS/CAV) 

1 

4910 

2 

27 

3600 

2 

19 

28CC 

7 

«3 

2 

4910 

4 

53 

3650 

4 

39 

2660 

5 

29 

) 

4860 

4 

52 

3C0C 

2 

19 

2880 

2 

16 

4 

4770 

6 

77 

3620 

2 

20 

2660 

6 

47 

5 

4770 

4 

52 

348C 

19 

2900 

3 

23 

6 

4880 

6 

79 

3560 

2 

19 

29CC 

2 

16 

7 

5080 

5 

69 

362C 

2 

20 

3360 

9 

62 

• 

5130 

5 

69 

3640 

2 

20 

9780 

7 

71 

9 

5020 

4 

54 

367C 

2 

20 

3670 

26 

25  £ 

10 

4880 

3 

40 

3730 

4 

40 

3400 

14 

129 

11 

4710 

4 

51 

368C 

2 

20 

3200 

7 

6C 

12 

4580 

4 

49 

3670 

2 

20 

3000 

6 

49 

13 

4580 

4 

49 

3620 

2 

20 

2800 

6 

45 

14 

4420 

4 

48 

3570 

5 

46 

2700 

8 

5£ 

15 

4320 

4 

47 

3510 

7 

66 

29C0 

7 

55 

16 

4220 

8 

91 

3510 

6 

76 

3000 

7 

57 

17 

4220 

3 

34 

3460 

3 

26 

3100 

8 

67 

18 

4180 

6 

68 

3420 

5 

46 

3200 

9 

7e 

19 

4000 

4 

43 

3420 

7 

65 

3100 

7 

59 

20 

4060 

6 

66 

3420 

5 

46 

3000 

6 

49 

21 

4080 

6 

66 

3400 

45 

413 

2700 

5 

36 

22 

4090 

5 

55 

250C 

23 

155 

2300 

7 

43 

21 

3910 

5 

53 

2000 

23 

124 

18C0 

9 

44 

24 

4110 

6 

67 

2200 

24 

143 

1400 

18 

68 

25 

4110 

4 

44 

2620 

7 

53 

1800 

20 

97 

26 

4110 

4 

44 

2820 

5 

38 

2100 

10 

57 

27 

4000 

4 

43 

2620 

4 

30 

2400 

12 

78 

28 

3910 

4 

42 

2750 

8 

59 

2600 

15 

1C5 

29 

3670 

5 

5C 

2680 

10 

72 

2600 

16 

121 

30 

3600 

7 

68 

2760 

9 

68 

3000 

10 

61 

at 

3600 

5 

49 

— 

— 

— 

3000 

6 

49 

TCTAl 

135690 

— 

1699 

98220 

— 

1825 

87350 

— 

2090 

tuu  17.1* 

SWEWOEO-SEOIPENT 

DISCHARGE*  MATER  YEAR  OCTOBER  1970  TO 

SEPTEMBER  1971 

JANUARY 

FEBRUARY 

PARCH 

REAR 

MEAN 

RE  AN 

MEAN 

CONCEN¬ 

SEDIMENT 

REAR 

CONCEN¬ 

SEDIMENT 

MEAN 

CONCEN¬ 

SEDIMENT 

DISCHARGE 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

CISCHARGE 

OAT 

ICESI 

<MG/t> 

ITONS/CAVI1 

(CESI 

ING/U 

ITCNS/CAVI 

(CFSI 

(MG/LI 

(TCNS/CAV) 

1 

9000 

15 

122 

4100 

17 

188 

3020 

7 

57 

2 

2500 

14 

95 

4600 

7 

87 

3020 

7 

57 

3 

2000 

10 

54 

4620 

4 

50 

7860 

6 

46 

4 

1800 

9 

44 

4620 

7 

87 

2620 

T 

53 

5 

1700 

12 

55 

4500 

3 

36 

2640 

6 

46 

6 

1600 

23 

99 

4000 

10 

1C8 

2760 

6 

45 

7 

1900 

12 

62 

1500 

14 

132 

2830 

8 

Cl 

8 

2000 

7 

36 

1C00 

19 

154 

2840 

6 

46 

9 

2100 

7 

4C 

3200 

13 

112 

2640 

6 

46 

10 

2000 

9 

49 

3400 

6 

55 

2880 

7 

54 

11 

1900 

10 

91 

3600 

10 

97 

2910 

8 

63 

12 

1000 

8 

39 

3600 

24 

246 

2910 

8 

63 

19 

1900 

6 

31 

4000 

16 

173 

2910 

8 

63 

14 

2000 

5 

27 

4200 

16 

161 

2980 

7 

54 

15 

2100 

7 

40 

4060 

19 

206 

2660 

9 

69 

16 

2200 

7 

42 

4C20 

11 

119 

2780 

8 

€C 

17 

2400 

12 

78 

3900 

11 

116 

2600 

9 

68 

18 

2700 

7 

51 

3720 

20 

201 

2750 

10 

74 

19 

9000 

4 

32 

3420 

17 

157 

2730 

12 

66 

20 

3500 

8 

76 

3380 

10 

91 

2730 

6 

44 

21 

9800 

83 

852 

3160 

7 

64 

2710 

6 

44 

22 

3000 

137 

141 C 

3380 

6 

55 

2700 

6 

44 

23 

3500 

47 

444 

330C 

6 

33 

2680 

11 

EC 

26 

3200 

22 

190 

3240 

7 

61 

2700 

14 

1C2 

25 

3200 

21 

181 

3300 

7 

62 

2730 

11 

91 

26 

3300 

18 

160 

3210 

7 

61 

2790 

9 

66 

27 

3400 

18 

165 

3110 

6 

50 

2830 

11 

84 

20 

3500 

25 

236 

3020 

9 

73 

2820 

12 

91 

29 

3700 

18 

18C 

-- 

— 

— 

2800 

13 

36 

90 

4020 

8 

87 

— 

— 

— 

2920 

28 

221 

31 

3680 

17 

169 

— 

— 

— 

3020 

14 

114 

TCTAl 

•3200 

— 

5199 

103380 

— 

3077 

87670 

— 

2184 

99 


TABU  17.15 


SUSRE*OEC-S«ni«*NT  OISCHAF  CE«  MATE*  YEAR  OCTORfR  1670  TO  SENTENCE*  1971 


ARRIL 

HAY 

JUNE 

Mf  AR 

MEAN 

EfAN 

»EAN 

CCRCEN- 

SE01 MENT 

REAM 

CONCEN¬ 

SCOINENT 

NfAN 

CONCEN¬ 

IffilPfAT 

DISCHARGE 

T*  67  W» 

DISCHARGE 

DISCHARGE 

TRATION 

DISCHARGE  . 

DISCHARGE 

TRATION 

C  ISCHIUM 

OAY 

I CFSI 

f MG/LI 

|TDNS/CAV|‘ 

ICES  1 

ING/L1 

I TONS/OAYI* 

ICESI 

INO/ll 

iicks/un 

1 

3040 

16 

131 

13500 

50 

1020 

56900 

206 

mcc 

2 

3000 

17 

138 

14900 

69 

1970 

52600 

109 

2MCC 

3 

2950 

15 

115 

10500 

120 

6390 

52600 

171 

wcc 

4 

2910 

59 

464 

24000 

267 

17900 

54200 

270 

met 

5 

2960 

7 

56 

31700 

366 

31300 

5TS00 

249 

MOOO 

6 

3210 

32 

277 

36C00 

162 

35200 

60700 

296 

42000 

7 

3330 

120 

1080 

36700 

239 

23700 

61400 

304 

SC4.C 

8 

3760 

24 

244 

3560C 

229 

22000 

62500 

209 

40100 

9 

4150 

33 

370 

37000 

233 

23300 

63100 

243 

41400 

10 

4800 

61 

791 

39200 

212 

22400 

57100 

210 

13000 

11 

4970 

31 

416 

40100 

213 

23100 

51100 

170 

21100 

12 

4770 

36 

464 

42900 

364 

39000 

49500 

169 

20000 

13 

4500 

26 

316 

50200 

351 

47600 

45000 

190 

10200 

14 

4440 

19 

220 

56600 

616 

94100 

40100 

169 

21000 

15 

4820 

27 

351 

51500 

330 

47000 

47500 

132 

10000 

16 

5380 

35 

500 

43600 

200 

24500 

42400 

124 

14200 

17 

5500 

32 

475 

36700 

150 

149C0 

30000 

120 

12100 

18 

5390 

37 

537 

31200 

99 

•340 

39000 

106 

10200 

14 

5210 

23 

324 

28000 

05 

4910 

94900 

03 

MOO 

20 

5500 

25 

371 

26700 

52 

3750 

34900 

79 

40CO 

21 

6420 

49 

•49 

26000 

01 

4200 

37100 

101 

10100 

22 

7680 

109 

2260 

25500 

55 

3790 

41900 

160 

10100 

23 

9070 

118 

289C 

26700 

06 

6200 

47900 

709 

20100 

24 

11300 

89 

2720 

30100 

130 

10600 

92900 

299 

42700 

25 

14400 

133 

517C 

36600 

165 

16300 

94300 

207 

HMO 

26 

16700 

198 

•930 

45400 

204 

34000 

92100 

212 

20000 

27 

16100 

106 

•09C 

53100 

422 

60500 

46100 

109 

24000 

28 

14800 

73 

2920 

63100 

505 

1000C0 

39900 

140 

14000 

29 

13800 

44 

164C 

65100 

597 

106000 

34900 

99 

0010 

30 

13300 

40 

1440 

62000 

315 

52700 

92400 

92 

0010 

31 

— 

~ 

— 

59000 

257 

40900 

— 

•• 

“* 

tctal 

208150 

— 

44545 

11 00700 

— 

930050 

1439100 

— 

742400 

TAILS  17.lt 

SUSSFNOfO-SfO  IHTNT 

DISCHARGE.  RATER 

TEAR  0CT08ER  1470  TC 

SEETEH0E0  1971 

JW.V 

AUGUST 

SEETEMftCR 

MEAN 

REAR 

MEAN 

MEAN 

CCNCEN- 

SECIMERT 

MEAN 

CONCEN¬ 

SEDINENT 

MEAN 

CONCEN¬ 

JICIMHT 

DISCHARGE 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

discharge  . 

DISCHARGE 

TRATION 

C 1  SC  H  At  SC 

CAY 

ICES! 

ING/l) 

ITCNS/CAVr 

ICES) 

IMG /LI 

I TONS/OAVI 

ICES) 

ING/L 1 

(TCftS/CSVI 

1 

31700 

01 

693C 

10300 

19 

939 

•230 

14 

1M 

2 

31700 

64 

5400 

10300 

14 

939 

0620 

16 

III 

3 

31900 

50 

493C 

10300 

10 

009 

0x400 

20 

tn 

4 

29700 

46 

3690 

10100 

20 

477 

•4*0 

11 

MI 

5 

20200 

40 

3650 

17300 

20 

934 

7070 

10 

III 

4 

26700 

96 

4040 

16300 

27 

1140 

7510 

12 

141 

7 

25300 

50 

396C 

15700 

24 

1020 

7310 

9 

IT. 

0 

23100 

53 

3310 

15100 

15 

612 

7400 

• 

1*1 

4 

21200 

50 

2060 

14700 

10 

714 

0110 

9 

1M 

10 

29400 

05 

446C 

14200 

15 

575 

7600 

• 

1*4 

11 

30100 

101 

0210 

13400 

9 

330 

7400 

7 

M 

12 

29100 

99 

7700 

13000 

10 

632 

7030 

4 

lit 

13 

28000 

71 

5370 

12500 

16 

540 

6490 

7 

Ml 

14 

26900 

49 

3560 

11900 

16 

514 

6950 

7 

1SI 

15 

26100 

29 

2040 

11500 

17 

520 

6600 

7 

IM 

10 

27200 

28 

206C 

10400 

10 

530 

6360 

T 

IM 

17 

28700 

33 

2560 

10300 

15 

417 

5900 

7 

III 

10 

29300 

37 

2930 

9700 

14 

370 

5030 

9 

n 

19 

28800 

35 

264C 

9340 

16 

403 

3710 

5 

IT 

20 

29500 

32 

2590 

0450 

11 

260 

5660 

4 

41 

21 

30000 

n 

2510 

0440 

9 

205 

5990 

4 

41 

22 

29900 

35 

2030 

0440 

12 

273 

5470 

9 

14 

23 

20000 

30 

2950 

0960 

13 

300 

9300 

5 

II 

24 

20200 

31 

2360 

0660 

10 

422 

9190 

9 

14 

29 

25100 

20 

1900 

0900 

12 

275 

9060 

9 

41 

26 

22900 

23 

1420 

0t4O 

10 

220 

9060 

4 

IS 

27 

21400 

20 

I16C 

7430 

11 

236 

4990 

9 

41 

20 

20400 

19 

1050 

7310 

4 

170 

4990 

4 

•  I 

29 

20000 

18 

472 

7400 

4 

100 

9000 

9 

44 

30 

10900 

17 

•60 

7940 

10 

209 

4990 

4 

11 

31 

18100 

14 

604 

7740 

16 

337 

— 

— 

▼cm 

021600 

- 

101764 

367190 

- 

16150 

196070 

— 

4414 

TCTAl 

DISCHARGE 

ECR  YEAR  ICES 

-CAYS  1 

41144 SC 

tctal 

StSEENOEr- 

SCOtMNT  OTSCMIIGT  fC»  71*4  (TONSI 

1.11114 

100 


UMU  lt.l 


TABU  11. 


KOOTENAI  KiVCft  BtLOM  LlMT  DAN.  NCAA  LIMV.  NONT 
DAILY  SUSPiMOCD  SfOINENTt  NAHA  YCAA  OCTOOEK  l«*T  TO  SEPTEMBER  t*»* 

OCTOOEK  NOVENOEK  OECENOI 


MEAN 

OISCHAKGE 

MEAN 

CONCEN¬ 

TRATION 

LOAD 

DAY 

ICES) 

(M6/L) 

ITONS) 

l 

4920 

15 

199 

2 

4920 

17 

226 

2 

5140 

29 

920 

4 

5190 

72 

1010 

9 

5140 

65 

906 

6 

5040 

67 

915 

7 

4920 

28 

972 

S 

4790 

15 

194 

9 

4720 

27 

944 

10 

4440 

92 

409 

n 

4790 

92 

414 

12 

4920 

22 

292 

19 

5240 

22 

912 

14 

5710 

15 

291 

15 

5400 

8 

121 

14 

5240 

19 

185 

17 

5020 

79 

989 

18 

4850 

120 

1570 

19 

4740 

50 

649 

20 

4490 

42 

592 

21 

4440 

51 

642 

22 

4420 

29 

287 

29 

4820 

19 

169 

24 

4850 

11 

144 

29 

4820 

14 

18? 

24 

4490 

18 

228 

27 

4590 

18 

229 

28 

4440 

21 

264 

29 

4490 

18 

228 

90 

4720 

7 

89 

91 

4440 

11 

198 

TOTAL 

152140 

— 

12772 

NEAN 

MEAN 

CONCEN¬ 

DISCHARGE 

TRATION 

LOAD 

ICES) 

1  NO/LI 

ITONS) 

4590 

12 

149 

5090 

12 

165 

5780 

20 

312 

5600 

11 

166 

5120 

4 

55 

4720 

6 

76 

4990 

10 

117 

4080 

6 

66 

4210 

5 

57 

4900 

14 

163 

4440 

10 

120 

4560 

6 

74 

4490 

10 

120 

4270 

8 

92 

4180 

7 

79 

4150 

7 

78 

4210 

6 

68 

4150 

8 

90 

4080 

4 

44 

4020 

4 

43 

9990 

4 

43 

9840 

6 

62 

9780 

9 

92 

9780 

9 

92 

3720 

9 

90 

9600 

9 

87 

9940 

8 

72 

9060 

36 

297 

2790 

59 

399 

9040 

41 

397 

— 

— 

— 

125270 

— 

3705 

NEAN 

DISCHARGE 

MEAN 

CONCEN¬ 

TRATION 

LOAD 

ICES) 

IMG/L) 

ITONS) 

9230 

49 

375 

9910 

35 

313 

3370 

22 

200 

3490 

18 

170 

3600 

23 

224 

3540 

24 

229 

3490 

14 

13? 

3290 

7 

62 

3010 

6 

49 

2960 

6 

48 

3200 

9 

78 

3340 

8 

72 

2650 

7 

50 

2200 

8 

48 

1950 

11 

58 

1900 

16 

8? 

2000 

11 

59 

2150 

6 

35 

2250 

8 

49 

2950 

8 

51 

2450 

6 

53 

2550 

10 

69 

2650 

21 

ISO 

2750 

19 

141 

2850 

22 

169 

9350 

20 

181 

3450 

14 

190 

3400 

17 

156 

3350 

18 

163 

9200 

48 

415 

9050 

58 

478 

90330 

— 

4489 

DAILY  SUSPENDED  SEDIMENT »  HATEK  YEAR  OCTOBER  l*6T  TO  SEPTEMBER  1968 
JANUARY  FEBRUARY  MARCH 


MEAN 


NEAN 

CONCEN- 

MEAN 

OISCHARCE 

rRATlON 

LOAD 

DISCHARGE 

OAV 

ICESI 

IM6/LI 

(TONS!1 

ICFS) 

1 

2900 

17 

133 

3350 

2 

2500 

6 

41 

3150 

3 

2350 

IT 

108 

3550 

4 

2450 

19 

126 

9850 

5 

2850 

8 

62 

4200 

6 

2900 

ll 

86 

4200 

7 

2900 

8 

63 

3900 

8 

2950 

7 

56 

3500 

9 

2900 

17 

139 

3250 

10 

3000 

21 

170 

3100 

11 

2900 

27 

211 

2950 

12 

2400 

13 

91 

2950 

19 

2550 

6 

41 

2900 

14 

2750 

12 

89 

2750 

15 

2950 

19 

151 

2750 

16 

3100 

24 

201 

2650 

17 

3100 

23 

193 

2600 

18 

3000 

11 

89 

2600 

19 

9000 

11 

89 

2800 

20 

2950 

10 

80 

3000 

21 

3300 

94 

303 

3100 

22 

3900 

35 

349 

3200 

29 

4150 

25 

280 

9400 

24 

4100 

28 

*10 

9500 

25 

4250 

IT 

195 

9720 

24 

4350 

110 

1290 

9490 

27 

*200 

230 

1990 

9310 

28 

2250 

42 

25* 

3260 

29 

2950 

13 

104 

3170 

30 

3100 

12 

100 

.. 

31 

9250 

14 

123 

— 

TOTAL 

**♦00 

— 

TSJ2 

*♦0*0 

MEAN 

NEAN 

CONCEN¬ 

MEAN 

CONCEN¬ 

TRATION 

load  , 

DISCHARGE 

TRATION 

LOAO 

IMG/Ll 

ITONS)1 

ICESI 

(MG/LI 

ITONS) 

28 

259 

3150 

18 

153 

32 

272 

3170 

16 

137 

2? 

259 

9230 

13 

113 

37 

385 

3400 

16 

147 

24 

272 

3690 

17 

169 

27 

306 

3990 

19 

205 

27 

284 

4330 

23 

269 

16 

151 

4370 

33 

389 

11 

97 

4210 

24 

273 

9 

75 

3960 

12 

128 

8 

64 

3810 

10 

103 

8 

64 

3690 

11 

110 

9 

70 

3540 

8 

76 

7 

52 

3540 

10 

96 

7 

52 

3540 

8 

76 

7 

50 

3520 

a 

76 

7 

49 

3660 

8 

79 

8 

56 

3840 

6 

62 

11 

83 

3750 

9 

91 

19 

105 

3630 

9 

88 

19 

109 

3540 

8 

76 

17 

147 

3460 

8 

75 

32 

294 

9430 

7 

65 

36 

340 

3520 

8 

76 

44 

442 

3630 

7 

69 

52 

482 

3840 

8 

83 

33 

295 

3840 

11 

114 

18 

158 

9900 

11 

116 

15 

128 

4120 

10 

111 

— 

— 

4930 

11 

129 

— 

•- 

4490 

11 

13? 

— 

5394 

116060 

— 

9886 

101 


TAILS  11.3 


TAh.  V  18. 


daily  suspended  sediment,  mates  yeas  octoscs  isat  to  septemes  isas 


APRIL 

NAY 

JUNE 

MEAN 

MEAN 

MEAN 

MEAN 

CONCEN¬ 

Nf  AN 

CONCEN¬ 

MEAN 

CONCEN¬ 

DISCHARGE 

TRATION 

LOAD 

DISCHARGE 

TRATION 

LOAO  . 

DISCHARGE 

TRATION 

LOAO 

OAY 

(CPS) 

(ng/li 

(TONS  I1 

(CPS) 

tm/u 

( TONS) 

(CPS) 

( N6/LI 

(TONS! 

l 

4270 

ii 

127 

8900 

150 

3600 

36400 

460 

47200 

2 

4120 

8 

89 

11700 

160 

5690 

34600 

700 

65600 

3 

3900 

9 

95 

11400 

63 

2550 

45600 

•00 

96900 

4 

3750 

8 

61 

11300 

63 

1920 

61000 

1100 

161000 

5 

3690 

6 

60 

11900 

47 

1510 

61900 

1200 

201000 

6 

3690 

7 

70 

12600 

36 

1290 

52000 

500 

70200 

T 

3660 

8 

79 

12200 

37 

1220 

46500 

170 

21300 

8 

3630 

5 

49 

11400 

36 

1170 

44500 

150 

16000 

9 

3570 

7 

67 

10800 

42 

1220 

44400 

130 

15600 

10 

3570 

7 

67 

10600 

36 

1090 

45600 

170 

21000 

II 

3630 

13 

127 

11400 

34 

1050 

47700 

240 

30900 

1? 

3960 

6 

86 

12900 

42 

1460 

49500 

230 

30700 

13 

4300 

1 

12 

15400 

200 

8320 

50400 

240 

32700 

14 

4300 

8 

93 

16600 

260 

14100 

46700 

200 

25200 

15 

4300 

6 

70 

22600 

320 

19500 

39600 

120 

12600 

16 

4240 

9 

103 

22400 

190 

11500 

34200 

66 

7940 

It 

4060 

7 

77 

20900 

160 

9030 

31000 

73 

6110 

16 

3870 

7 

73 

22000 

190 

11300 

31100 

76 

6550 

19 

3870 

6 

63 

24300 

260 

17100 

33600 

100 

9070 

20 

3870 

6 

63 

27200 

240 

17600 

39200 

06 

9310 

2| 

3840 

7 

73 

30800 

240 

20000 

45500 

•5 

10400 

2? 

3750 

7 

71 

35300 

360 

34300 

42700 

60 

9220 

23 

3720 

6 

80 

42800 

560 

64700 

37600 

75 

7610 

24 

3690 

8 

80 

45200 

430 

52S00 

35100 

110 

10400 

25 

3720 

8 

80 

41300 

210 

23400 

33900 

65 

7760 

26 

3780 

9 

92 

36100 

160 

16S00 

33900 

140 

12600 

27 

3870 

10 

104 

37200 

120 

12100 

37600 

73 

7410 

26 

3960 

12 

128 

37200 

110 

11000 

43700 

66 

7790 

29 

4300 

14 

163 

37600 

110 

11200 

42400 

72 

6240 

30 

5460 

33 

466 

38900 

110 

11600 

35200 

66 

6270 

31 

— 

— 

38800 

110 

11500 

— 

— — 

— 

TOTAL 

118360 

— 

2908 

733700 

— 

401020 

1263700 

— 

999200 

OAILY 

SUSPENOEO 

SEDIMENT,  MATER  YEAR  OCTOBER  1967 

TO  SEPTEMES  19AS 

JULY 

AUGUST 

SEPTEMBER 

MEAN 

NCAN 

MEAN 

MEAN 

CONCEN¬ 

MEAN 

CONCEN¬ 

MAN 

concen¬ 

DISCHARGE 

TRATION 

LOAO  , 

DISCHARGE 

TRATION 

LOAO  . 

OISCHASBE 

tration 

LOAD 

DAY 

(CPS) 

IN6/L) 

(TONS)1 

ICFS) 

(NG/L) 

(TONS)1 

ICFS) 

(NG/L) 

ITONSI 

1 

29700 

62 

4970 

13400 

11 

396 

TT*0 

8 

IAS 

2 

26400 

64 

4560 

12500 

17 

574 

TAAO 

5 

ISS 

3 

25400 

110 

7540 

11900 

26 

635 

TASO 

6 

UA 

4 

27400 

110 

6140 

11800 

27 

660 

TAOO 

6 

1» 

5 

30300 

110 

9000 

11700 

25 

790 

T320 

3 

St 

6 

32600 

110 

9740 

11600 

27 

660 

TOSO 

7 

ISA 

7 

34600 

too 

9400 

11800 

28 

692 

A9T0 

6 

US 

8 

36000 

67 

6460 

11400 

29 

693 

ATSO 

7 

I2S 

9 

34600 

91 

8550 

10800 

21 

612 

TOSO 

7 

ISA 

10 

32600 

56 

5110 

10200 

12 

330 

TADO 

6 

IAO 

11 

31300 

40 

3380 

9690 

9 

235 

TOSO 

8 

ISS 

12 

29000 

40 

3130 

9510 

10 

257 

AS  SO 

6 

IAS 

13 

27600 

40 

2960 

9420 

9 

229 

AA60 

7 

12A 

14 

27200 

40 

2940 

9340 

8 

202 

ATSO 

7 

tzs 

15 

23400 

39 

2490 

9200 

10 

248 

ASSO 

13 

ZAZ 

16 

20500 

40 

2210 

9650 

9 

234 

ASSO 

9 

1ST 

17 

16900 

76 

3960 

10500 

9 

255 

ATSO 

9 

IAS 

16 

17900 

67 

3240 

10400 

7 

197 

AS  TO 

5 

PA 

19 

16900 

34 

1550 

9690 

6 

209 

TSOO 

7 

1AT 

20 

14100 

34 

1460 

9340 

6 

151 

SSSO 

7 

IAZ 

21 

16900 

32 

1460 

9120 

9 

222 

ssto 

6 

119 

22 

16100 

21 

1030 

9200 

10 

246 

SSSO 

7 

ISS 

23 

17500 

16 

756 

9070 

7 

171 

SOSO 

6 

ISO 

24 

16700 

46 

2160 

6720 

8 

168 

TASO 

7 

IAS 

25 

14400 

27 

1200 

8340 

6 

160 

TAAO 

7 

IAA 

26 

15700 

16 

763 

7920 

10 

214 

TASO 

10 

20T 

27 

15000 

17 

669 

6090 

9 

197 

TTZO 

11 

ZfS 

26 

14500 

16 

626 

6300 

8 

179 

SOSO 

11 

ISA 

29 

14200 

16 

613 

8590 

8 

166 

SSSO 

11 

ZSS 

30 

14100 

12 

457 

6680 

5 

117 

SSIO 

10 

ZAO 

31 

14100 

10 

361 

6170 

6 

132 

— 

~ 

TOTAL 

712400 

— 

112965 

308240 

— 

11295 

22SSSO 

— 

ASST 

TOTAL  DISCMAA6E  EOS  YEAS  ICES-OAYS) 
TOTAL  LOAD  EOS  YEAS  (TONS) 


102 


AOJEITO 

1UWI 


o»u»  sus»«Ncic  sfC!«tNi.  M*Tt»  ve»f  cctoom  n«6  to  i»»* 


OCTOBE* 

NOVEMBER 

CECENRER 

OAV 

NEAN 

DISCHARGE 

IC*S» 

NEAN 

COHG5H- 

TRiTini* 

tHG/U 

UOAC  , 

1  TONS! 

KEAN 

riSCHARBF 

IC*S1 

*®AN 

concen¬ 

tration 

ING/tl 

LOAD  , 
ITONS  )' 

MEAN 

DISCHARGE 

ICES) 

NEAN 

CCNCCN- 

TRATICN 

ING/L) 

ICAC 

I1CMI1 

t 

2 

3 

4 

5 

0260 

0030 

7760 

7920 

7320 

11 

10 

4 

17 

5 

243 

217 

189 

345 

94 

643C 

674C 

693C 

6360 

610C 

1C 

10 

0 

7 

6 

174 

182 

141 

120 

100 

453C 

4430 

44CQ 

443C 

4430 

6 

5 

6 

A 

6 

49 

6C 

71 

12 

40 

6 

7 

0 

5 

10 

72C0 

7120 

6470 

6010 

6620 

3 

4 

5 

3 

4 

50 

77 

94 

92 

71 

6140 

6030 

570C 

56CC 

55CC 

6 

6 

6 

6 

7 

99 

98 

94 

91 

104 

410C 

3600 

36  OC 
3000 
412C 

3 

4 

3 

16 

25 

34 

39 

29 

164 

270 

u 

12 

13 

14 

13 

6330 

662  C 
604C 

7000 

6930 

7 

0 

11 

7 

6 

124 

143 

205 

134 

112 

946C 

537C 

5090 

392C 

5670 

6 

0 

7 

6 

6 

08 

120 

111 

96 

92 

4370 

4620 

4430 

4050 

4490 

25 

34 

34 

39 

10 

255 

424 

«31 

303 

210 

16 

17 

10 

14 

20 

6740 

691C 

6320 

6100 

61CC 

3 

5 

3 

4 

4 

91 

06 

03 

67 

66 

543C 

5260 

302C 

479C 

402C 

5 

6 

7 

7 

9 

73 

05 

95 

91 

117 

4100 

4O0C 

4120 

4000 

4000 

12 

11 

10 

7 

5 

135 

121 

111 

77 

54 
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21 

3500 

9 

76 

25900 

54 

65  7C 

32000 

30 

259C 

22 

3600 

10 

97 

26500 

121 

6660 

30  300 

34 

276C 

23 

3660 

10 

99 

26300 

116 

9020 

29600 

31 

2460 

24 

3730 

12 

122 

30200 

120 

9780 

28000 

37 

28CC 

25 

3860 

7 

73 

3140C 

117 

9920 

25500 

36 

24EC 

26 

3690 

6 

63 

33600 

112 

10200 

24CCf 

50 

324C 

27 

3730 

5 

51 

4C500 

104 

11400 

22400 

47 

264C 

26 

3630 

7 

69 

41600 

89 

IOOCC 

21800 

21 

1240 

29 

3550 

7 

67 

35200 

53 

5040 

22300 

20 

12CC 

30 

3500 

• 

76 

25600 

46 

I860 

216C0 

21 

1220 

31 

— 

— 

— 

26400 

66 

47CC 

— 

"* 

TCTAt 

105040 

— 

2064 

62C600 

— 

156316 

980000 

-- 

284060 

TAILS  18.12 

SUSPENOEO-SFDI PENT 

OISCHA°Gc •  WATER 

YEA®  1CTCBM  1969  TO 

SEPTEMBER  197C 

JULY 

AUGUST 

siprr*«icR 

MEAN 

MEAN 

MEAN 

MEAN 

CCNCfN- 

SECIHENT 

REA  hi 

CCNC FR¬ 

SEDIMENT 

HCAN 

CONCEN¬ 

SCCIPINT 

DISCHARGE 

TRATinN 

DISCHARGE 

discharge 

UITION 

DIStHARO*  , 

DISCHARGE 

TRATION 

CISCHARCE 

DAY 

1  CM  1 

1MG/U 

1TCNS/CAYI* 

IfESI 

f*G/tl 

(TnNS/DArr 

ICRS! 

INC/ll 

ITCRS/CAYJ 

1 

21400 

19 

1100 

stcc 

20 

516 

5140 

7 

101 

2 

20800 

9 

505 

9300 

13 

326 

5220 

10 

141 

3 

19600 

9 

476 

9C0C 

6 

194 

5190 

112 

4 

18500 

9 

450 

6650 

1C 

234 

5470 

1 

1C3 

5 

18000 

9 

43? 

6460 

12 

274 

5600 

6 

91 

6 

18t00 

10 

489 

6280 

ll 

246 

5530 

6 

SC 

7 

16000 

5 

243 

6160 

S 

176 

5370 

6 

87 

8 

17000 

6 

275 

8090 

10 

218 

5260 

6 

85 

9 

16000 

9 

389 

6020 

7 

152 

537C 

« 

72 

10 

15500 

5 

20S 

7670 

7 

149 

5440 

3 

44 

11 

15000 

12 

486 

7540 

7 

143 

5280 

4 

•1 

12 

14400 

17 

661 

7120 

8 

154 

5120 

4 

33 

13 

13800 

6 

224 

6910 

14 

261 

497C 

4 

54 

14 

13100 

9 

318 

6770 

16 

292 

4910 

10 

133 

15 

12400 

9 

268 

6700 

20 

162 

4  780 

7 

90 

16 

11600 

13 

407 

656C 

11 

195 

4660 

14 

r. 

17 

11300 

13 

397 

6250 

11 

166 

4340 

30 

361 

18 

11200 

4 

242 

6120 

10 

165 

4430 

6 

72 

19 

11200 

6 

181 

6C60 

6 

131 

4480 

5 

6C 

20 

10800 

6 

173 

5920 

7 

112 

50SC 

6 

82 

21 

10500 

7 

I9i 

5730 

5 

77 

6060 

6 

98 

22 

10000 

7 

189 

5600 

4 

60 

6020 

7 

114 

23 

9800 

13 

344 

5530 

10 

149 

5690 

7 

111 

24 

9600 

15 

389 

5500 

9 

134 

5960 

4 

64 

29 

9400 

19 

482 

5500 

7 

104 

3890 

6 

95 

28 

9200 

22 

346 

5500 

7 

104 

S66C 

3 

46 

27 

9300 

16 

402 

•440 

9 

132 

5370 

14 

203 

28 

9500 

6 

154 

5370 

7 

101 

3190 

23 

162 

29 

9700 

10 

262 

5140 

7 

101 

3090 

1C 

137 

90 

9800 

13 

344 

5310 

8 

115 

5060 

9 

12* 

31 

9800 

13 

344 

5440 

17 

250 

-* 

•• 

•• 

rent 

414300 

— 

11986 

211440 

— 

5813 

158230 

— 

3246 

TCTAt 

Of SCHARGE  FCR 

YEAR  (CfS 

-CAYS! 

31161 7C 

TCTAl  SUSPENDED- SCO IPfNT  DISCHARGE  RCR  year  itqnsi  OIK!*? 
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TAIL*  i*.n 


SUSPENDED-SEDIMENT  DISCHARGE.  MATE*  YEAI 


OCTOBER  1970  TO  SEPTEMBER  1971 


DAY 

MAN 

DISCHARGE 

ICES) 

octom 

MEAN 

CONCEN¬ 

TRATION 

IHG/l) 

SEDIMENT 

01 SCHARGE  , 
ITONS/OAV) 

MEAN 

0ISCHAR9E 

ICES) 

1 

9040 

4 

109 

3730 

2 

9030 

5 

44 

3740 

5 

9000 

9 

104 

3740 

4 

4940 

5 

47 

3730 

9 

4910 

5 

44 

3440 

A 

4490 

5 

44 

3700 

T 

4970 

5 

47 

3700 

4 

9190 

4 

44 

3730 

• 

9120 

6 

93 

3410 

10 

9030 

4 

54 

3470 

11 

4940 

4 

53 

3970 

12 

4410 

9 

45 

3440 

13 

4720 

11 

140 

3740 

14 

4440 

11 

134 

3730 

19 

4570 

10 

123 

3470 

U 

4490 

11 

132 

3440 

17 

4490 

7 

44 

3440 

If 

4490 

7 

94 

3470 

19 

4190 

7 

79 

3440 

20 

4190 

4 

44 

3620 

21 

4220 

4 

44 

3620 

22 

4220 

4 

49 

3100 

23 

4250 

4 

44 

2300 

24 

4250 

5 

57 

1900 

29 

4300 

4 

44 

2300 

24 

4290 

5 

97 

3000 

27 

4190 

4 

45 

2900 

2f 

4070 

4 

44 

2700 

29 

3940 

4 

43 

2500 

30 

3940 

3 

31 

2700 

31 

3740 

3 

31 

•• 

NOVEMBER 

DECEN4ER 

MEAN 

NEAN 

concen¬ 

SEOINENT 

MEAN 

CONCEN¬ 

SEOINENT 

tration 

DISCHARGE  , 

discharge 

TRATE 

DISCHARGE 

ING/U 

( TONS/DAV) 

ICES) 

ING/L) 

I TONS/DAV) 

4 

40 

2900 

IT 

133 

2 

20 

3000 

22 

170 

2 

20 

3100 

20 

234 

3 

30 

3000 

17 

130 

2 

20 

2900 

22 

172 

2 

20 

2400 

20 

151 

3 

30 

3400 

19 

165 

3 

30 

3900 

30 

316 

4 

41 

4000 

10 

104 

4 

42 

3700 

4 

40 

4 

42 

3900 

9 

05 

3 

31 

3300 

4 

36 

4 

41 

3100 

4 

33 

4 

41 

3000 

6 

49 

3 

30 

3100 

6 

50 

4 

39 

3200 

10 

46 

5 

49 

3300 

10 

09 

4 

40 

3400 

13 

119 

4 

39 

3300 

5 

45 

5 

49 

3000 

12 

97 

3 

29 

2000 

17 

129 

2 

17 

2400 

17 

110 

3 

19 

1900 

21 

109 

3 

15 

1400 

6 

26 

5 

31 

1300 

4 

14 

11 

89 

1600 

0 

35 

0 

63 

1900 

5 

26 

6 

44 

2200 

11 

69 

2 

14 

2500 

10 

64 

4 

29 

2400 

B 

60 

— 

3000 

30 

243 

TOTAL 

140090 

— 

2274 

101330 

— 

1004 

88900 

3208 

ZABLI  10.14 

SUSPENDED-SEDIMENT 

DISCHARGE.  HATER  YEAR  OCTOBER  1370  TO 

SEETENBER  1971 

JANUARY 

*r 

FEBRUARY 

march 

MEAN 

mean 

NEAN 

MEAN 

CONCEN¬ 

SEDIMENT 

MAN 

CONCEN¬ 

SEDIMENT 

NEAN 

CONCEN¬ 

SEDIMENT 

DISCHARGE 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

DISCHARGE 

OAV 

1  CHS  1 

(MG/L) 

ITONS/OAV)' 

ICES) 

ING/U 

ITONS/OAV)1 

ICES) 

ING/L) 

1  TONS/DAT 

t 

2300 

10 

70 

7000 

32 

405 

3260 

6 

53 

2 

2400 

5 

35 

6600 

17 

303 

3130 

9 

60 

J 

2200 

7 

42 

6200 

16 

268 

3180 

0 

69 

A 

1300 

7 

36 

5600 

21 

310 

3160 

6 

51 

S 

1600 

11 

40 

5000 

32 

432 

3050 

4 

33 

4 

1400 

0 

30 

4000 

14 

151 

2920 

5 

39 

T 

1600 

3 

13 

3000 

7 

57 

2920 

15 

110 

• 

1T00 

4 

18 

2700 

6 

44 

2970 

9 

64 

* 

1400 

6 

29 

2500 

0 

54 

2970 

4 

32 

10 

1300 

12 

62 

3000 

6 

49 

2970 

4 

44 

11 

1100 

10 

49 

3500 

10 

95 

2990 

B 

65 

12 

1700 

6 

20 

4000 

16 

173 

3070 

7 

54 

12 

1A00 

7 

30 

4500 

IT 

207 

3070 

7 

54 

1A 

1700 

12 

54 

5000 

22 

297 

3020 

4 

33 

IS 

1300 

14 

7* 

9500 

37 

549 

2990 

5 

40 

14 

2100 

11 

62 

6000 

33 

535 

2940 

5 

40 

IT 

2300 

13 

01 

5600 

29 

430 

2490 

4 

31 

IB 

2400 

20 

140 

9300 

34 

447 

2440 

3 

23 

1* 

2300 

15 

117 

5000 

24 

374 

2760 

2 

13 

20 

3400 

8 

73 

4570 

26 

321 

2710 

4 

25 

21 

3300 

7 

74 

4190 

21 

234 

2760 

2 

IS 

22 

4100 

7 

77 

3960 

17 

142 

2740 

2 

15 

2) 

4000 

7 

70 

3700 

14 

143 

2710 

3 

22 

24 

3300 

9 

95 

3700 

13 

133 

2690 

4 

?9 

25 

3300 

4 

42 

3010 

10 

103 

2410 

? 

53 

24 

MOO 

6 

62 

3760 

11 

112 

^  2490 

b 

55 

2T 

3000 

T 

72 

3590 

10 

97 

2990 

4 

44 

ZB 

3700 

14 

160 

3400 

7 

64 

2940 

5 

40 

25 

3700 

13 

130 

— 

— 

— 

2490 

7 

55 

30 

4300 

16 

194 

-- 

•• 

2970 

5 

40 

31 

4000 

12 

194 

— 

-• 

— 

3210 

10 

47 

TOTAL 

R6000 

— 

2254 

124040 

— 

6433 

91410 

— 

1424 

107 


MU  IS. IS  SUSPENDED-SEDIMENT  DISCHARGE#  HATER  TEAR  OCTOBER  1970  TO  SEPTEMBER  1971 


MEAN 

APRIL 

MEAN 

CONCEN¬ 

SEDIMENT 

MEAN 

DISCHARGE 

TRATION 

DISCHARGE 

OISCHARGE 

•AY 

(CFS) 

<  MG/U 

C  TONS/ DAY  I 

(CFS) 

1 

3320 

9 

81 

14700 

2 

3260 

11 

97 

16200 

3 

3240 

15 

131 

19600 

4 

3240 

8 

70 

25200 

5 

3290 

15 

133 

32100 

6 

3430 

23 

213 

37200 

7 

3810 

26 

267 

37600 

S 

4480 

27 

327 

36800 

9 

4910 

29 

384 

38000 

10 

5560 

46 

691 

40600 

11 

6120 

57 

942 

41800 

12 

5920 

20 

320 

44900 

13 

5500 

20 

297 

52000 

14 

5340 

21 

303 

58000 

IS 

5600 

28 

423 

53000 

16 

6350 

30 

514 

45000 

17 

6590 

28 

498 

37200 

18 

6490 

30 

526 

31600 

19 

6250 

19 

321 

27900 

20 

6390 

34 

587 

25800 

21 

7500 

47 

952 

25200 

22 

9030 

77 

1880 

24500 

23 

10500 

113 

3200 

25100 

24 

12600 

142 

4830 

28200 

25 

15500 

196 

8200 

34800 

26 

17900 

264 

12800 

45000 

27 

17200 

101 

4690 

54000 

28 

16300 

53 

2330 

64000 

29 

15200 

52 

2130 

67000 

30 

14600 

32 

1260 

63000 

31 

— 

— 

— 

60000 

TOTAL 

235420 

— 

49397 

1206000 

MAY 

JUNE 

MEAN 

MEAN 

CONCEN¬ 

SEDIMENT 

MEAN 

concen¬ 

SEDIMENT 

TRATION 

DISCHARGE 

OISCHARGE 

tration 

OISCHARGE 

(MG/L) 

I  TONS/DAY ) 1 

(CFS) 

(NG/L) 

(TONS/DAY) 

37 

1470 

57000 

193 

29700 

75 

3280 

53000 

165 

23600 

136 

7200 

53000 

146 

20900 

241 

16400 

55000 

137 

20300 

329 

28500 

58000 

169 

26500 

382 

38400 

61000 

294 

48400 

260 

26400 

62000 

257 

43000 

190 

18900 

63000 

247 

42000 

171 

17500 

64000 

241 

41600 

202 

22100 

58000 

219 

34300 

211 

23800 

52000 

165 

23200 

235 

28500 

44800 

111 

13400 

390 

54800 

43400 

95 

11100 

653 

102000 

46400 

104 

13000 

444 

63500 

47800 

118 

15200 

232 

28200 

42400 

96 

11000 

128 

12900 

36800 

88 

8740 

108 

9210 

33600 

71 

6440 

73 

5500 

32300 

57 

4970 

61 

4250 

32400 

51 

4460 

54 

3670 

34600 

60 

5610 

53 

3510 

38B00 

83 

8700 

64 

4340 

44600 

116 

14000 

88 

6700 

50000 

152 

20500 

165 

15500 

53000 

197 

28200 

307 

37300 

52000 

243 

34100 

326 

47500 

47100 

168 

21400 

373 

64500 

39200 

103 

10900 

692 

125000 

33500 

72 

6510 

446 

75900 

30300 

60 

4910 

290 

47000 

— 

— — 

— 

943730 

1419000 

— 

596640 

TASLK  IS. 16 


SUSPENDEO-SEOI MENT  DISCHARGE#  MATER  YEAR  OCTOBER  1970  TO  SEPTEMBER  1971 


JULY 

AUGUST 

SEPTEMBER 

MEAN 

NEAN 

NEAN 

MEAN 

CONCEN¬ 

SEDIMENT 

MEAN 

CONCEN¬ 

SEDIMENT 

NEAN 

CONCEN¬ 

SEDIMENT 

OISCHARGE 

TRATION 

OISCHARGE  , 

DISCHARGE 

TRATION 

OISCHARGE  . 

OISCHARGE 

TRATION 

OISCHARGE 

DAY 

(CFS) 

(MG/L) 

1  TONS/DAY ) 

(CFS) 

(NC/L) 

( TONS/DAY ) 

(CFS) 

(NG/L) 

(TONS/OAY) 

1 

29900 

55 

4440 

17300 

48 

2240 

8100 

IT 

372 

2 

30000 

59 

4780 

17400 

35 

1640 

6500 

12 

275 

3 

29800 

51 

4100 

18000 

15 

729 

8570 

12 

278 

4 

28900 

48 

3750 

17500 

11 

520 

8350 

14 

941 

5 

27000 

60 

4370 

1 7000 

14 

643 

7940 

14 

300 

6 

25300 

54 

3690 

16500 

12 

535 

7610 

29 

473 

7 

24400 

52 

3430 

16000 

12 

518 

7400 

7 

140 

8 

22700 

43 

2640 

15500 

8 

335 

7500 

10 

203 

9 

21000 

81 

4590 

15000 

12 

486 

7090 

15 

317 

10 

20800 

43 

2410 

14500 

8 

113 

7500 

17 

944 

11 

24900 

36 

2420 

14000 

11 

416 

7120 

16 

344 

12 

28500 

61 

4690 

12900 

8 

279 

7080 

10 

191 

13 

27700 

43 

3220 

12100 

5 

163 

6910 

10 

1B7 

14 

25300 

38 

2600 

11600 

7 

219 

6940 

11 

204 

15 

24300 

40 

2620 

11100 

8 

240 

6490 

9 

141 

16 

24600 

41 

2720 

10600 

8 

229 

6950 

7 

120 

17 

25800 

55 

3830 

10100 

6 

164 

6090 

5 

82 

18 

27200 

67 

4920 

9610 

7 

1B2 

5960 

1C 

141 

19 

26800 

48 

3470 

9220 

7 

174 

5090 

10 

157 

20 

26800 

48 

3470 

9200 

8 

199 

5790 

8 

124 

21 

27700 

44 

3290 

8800 

14 

333 

5660 

1 

107 

22 

27800 

40 

3000 

8600 

13 

302 

5590 

10 

149 

23 

27300 

40 

2950 

8600 

9 

209 

5440 

12 

174 

24 

26500 

36 

2580 

8800 

10 

238 

52  BO 

15 

214 

25 

25800 

32 

22 30 

8700 

8 

188 

5120 

11 

152 

26 

23700 

25 

1600 

8300 

10 

224 

5060 

10 

137 

27 

20900 

26 

1470 

8000 

12 

259 

5000 

9 

122 

28 

19500 

29 

1530 

7600 

9 

IBS 

4970 

8 

107 

29 

19000 

33 

1690 

7400 

13 

260 

5060 

19 

178 

30 

18600 

28 

1410 

7500 

22 

466 

5060 

10 

137 

31 

17700 

26 

1240 

7700 

20 

416 

•• 

— 

•• 

TOTAL 

776200 

— 

95150 

365130 

— 

132B4 

194120 

— 

4277 

TOTAL 

DISCHARGE 

FOR  YEAR  ICFS-DAVSt 

4892340 

TOTAL 

SUSPENDED- 

SEDIMENT  OISCHARGE  FOR  YEAR 

(TONS) 

1721557 

108 


TABLE  18.17 


SUSPENDED-SEDIMENT  DISCHARGE,  UATER  YEAR  OCTOBER  1871  TO  SEFTBfSER  1972 


OCTOBER 

5 

i 

DBCSOER 

MEAN 

KEAN 

MEAN 

MEAN 

COMCEM 

SEDIMENT 

MEAN 

CONCEN¬ 

SEDIMENT 

MEAN 

CONCEN¬ 

SEDIMENT 

DISCHARGE 

TRATIOM 

DISCHARGE 

DISCHARGE 

TRATION 

DISCHARGE 

DISCHARGE 

TRATION 

DISCHARGE 

DAY 

(CFS) 

(MC/L) 

(TOMS /DAY) 1 

(CPS) 

(MC/L) 

(TONS/DAT) 

1  (CFS) 

(MG/L) 

(TONS/DAY) 

1 

4900 

12 

159 

3900 

5 

53 

3400 

10 

92 

2 

4900 

9 

119 

4000 

3 

32 

3300 

8 

71 

3 

4800 

11 

143 

4000 

7 

76 

3200 

7 

60 

4 

4700 

8 

102 

4100 

11 

122 

3000 

9 

73 

5 

4600 

8 

99 

4400 

7 

83 

2900 

4 

31 

6 

4700 

8 

102 

4300 

6 

70 

2800 

7 

53 

7 

4900 

8 

106 

4000 

4 

43 

2800 

11 

83 

8 

5100 

8 

110 

3800 

7 

72 

2700 

15 

109 

9 

5200 

10 

140 

3700 

5 

50 

2300 

26 

161 

10 

5200 

9 

126 

3900 

5 

53 

2400 

11 

71 

11 

5100 

7 

96 

4100 

11 

122 

2500 

8 

54 

12 

5000 

9 

122 

4400 

5 

59 

2300 

7 

43 

13 

4900 

6 

79 

4400 

7 

83 

2200 

12 

71 

14 

4900 

4 

53 

4400 

6 

71 

2200 

10 

59 

15 

5100 

7 

96 

4400 

6 

71 

2800 

7 

53 

16 

5200 

6 

84 

4300 

6 

70 

2700 

7 

51 

17 

5100 

5 

69 

4200 

4 

45 

2600 

13 

91 

18 

4900 

3 

40 

4100 

5 

55 

3000 

6 

49 

19 

4700 

4 

51 

4000 

6 

65 

2800 

4 

30 

20 

4600 

3 

37 

3900 

10 

105 

3000 

8 

65 

21 

4700 

4 

51 

3900 

7 

74 

3000 

7 

57 

22 

4700 

7 

89 

3900 

5 

53 

3000 

7 

57 

23 

4600 

6 

75 

3900 

5 

53 

3200 

7 

60 

24 

4500 

5 

61 

3800 

14 

144 

3200 

4 

35 

25 

4500 

3 

36 

3800 

17 

174 

3000 

4 

32 

26 

4500 

5 

61 

3700 

7 

70 

3000 

5 

41 

27 

4500 

5 

61 

3600 

7 

68 

2700 

4 

29 

28 

4600 

4 

50 

3600 

5 

49 

2600 

5 

35 

29 

4400 

7 

83 

3500 

5 

47 

2500 

8 

54 

30 

4100 

5 

55 

3500 

6 

57 

2400 

7 

45 

31 

4000 

6 

65 

“ 

— 

— 

2500 

5 

34 

TOTAL 

147600 

- 

2620 

119500 

- 

2189 

86000 

— 

1849 

TABLE  18. 

.18 

SUSPENDED- SEDIMENT  DISCHARGE, 

HATER  YEAR  OCTOBER  1971  TO 

SEPTEMBER  1972 

JANUARY 

FEBRUARY 

MARCH 

KEAN 

MEAN 

MEAN 

KEAN 

CONCEN 

SEDIMENT 

MEAN 

CONCEN¬ 

SEDIMENT 

MEAN 

CONCEN- 

SEDIMENT 

DISCHARGE 

TRATIOM 

DISCHARGE 

DISCHARGE 

TRATION 

DISCHARGE 

DISCHARGE 

TRATION 

DISCHARGE 

DAY 

(CPS) 

(MG/L) 

(TOMS/DAY) ’ 

(CFS) 

(MC/L) 

(TONS/DAY)  1 

(CFS) 

(MG/L) 

(TONS /DAY) 

1 

2500 

2 

14 

2400 

3 

19 

4400 

16 

190 

2 

2600 

2 

14 

2600 

2 

14 

4500 

12 

146 

3 

2800 

3 

23 

2800 

3 

23 

4400 

8 

95 

4 

3000 

5 

41 

3000 

2 

16 

4200 

6 

68 

5 

2900 

7 

55 

3100 

3 

25 

4000 

8 

86 

6 

2700 

5 

36 

3000 

2 

16 

4200 

8 

91 

7 

2600 

3 

21 

2900 

4 

31 

4200 

7 

79 

8 

2600 

1 

7.0 

2800 

4 

30 

4200 

11 

125 

9 

2600 

5 

35 

2700 

3 

22 

4200 

8 

91 

10 

2600 

5 

35 

2600 

4 

28 

4100 

10 

111 

11 

2500 

4 

27 

2500 

4 

27 

4200 

18 

204 

12 

2300 

3 

19 

2500 

4 

27 

4400 

21 

249 

13 

2200 

3 

18 

2700 

4 

29 

4600 

15 

186 

14 

2100 

2 

11 

2900 

5 

39 

4700 

19 

241 

15 

2100 

2 

11 

3000 

4 

32 

5200 

21 

293 

16 

2100 

3 

17 

3200 

5 

43 

5300 

27 

386 

17 

2200 

4 

24 

3500 

6 

57 

5800 

26 

407 

18 

2300 

2 

12 

3500 

4 

38 

6000 

33 

535 

19 

2300 

S 

31 

3300 

6 

53 

6300 

31 

327 

20 

2400 

2 

13 

3000 

5 

41 

6600 

29 

517 

21 

2900 

4 

31 

3400 

5 

46 

4700 

32 

406 

22 

3500 

5 

47 

3500 

5 

47 

2000 

33 

178 

23 

3400 

3 

28 

3500 

4 

38 

2100 

30 

170 

24 

3100 

3 

25 

3300 

3 

27 

2100 

23 

142 

25 

2600 

2 

14 

3100 

4 

33 

2200 

24 

143 

26 

2500 

4 

27 

3100 

3 

23 

2200 

19 

113 

27 

2300 

2 

12 

3100 

4 

33 

2200 

17 

101 

28 

2000 

1 

5.4 

3700 

8 

80 

2200 

19 

113 

29 

1900 

5 

26 

3900 

18 

190 

2200 

20 

119 

30 

2000 

2 

11 

— 

— 

— 

2600 

10 

211 

31 

2200 

3 

18 

— 

— 

— 

2600 

33 

232 

TOTAL 

77800 

— 

708.4 

88600 

— 

1129 

122600 

— 

6557 

109 


TAIL!  19.1 


KfHTFNil  R?VF*  *c  CCPB tAAC,  IDAMC 

OMIT  SUSPENDFO  5Er,!MFNT»  *AT«o  YF A*  CCTCMR  19*7  TO  SERTEM0ER  19*1 


MEAN 


*€AK 

CHK*N- 

or  «CMARG« 

▼94 7FnK 

ncy 

<<*FS1 

l*«/|  | 

1 

5300 

1? 

2 

5280 

— 

3 

5350 

-  - 

4 

5510 

— 

5 

5560 

•• 

* 

5740 

— 

7 

54 1C 

4 

8 

5350 

4 

r, 

5350 

5 

10 

5 15C 

4 

tl 

923C 

4 

12 

5510 

8 

1? 

5670 

7 

14 

6 1 1C 

8 

19 

*440 

6 

1* 

626C 

8 

17 

564C 

8 

le 

5540 

6 

is 

544C 

7 

70 

5490 

4 

21 

5250 

6 

22 

5580 

7 

23 

5580 

5 

24 

5470 

1 

25 

5770 

l 

26 

5840 

1 

27 

55*0 

1 

2P 

6410 

l 

29 

7  300 

1 

3  C 

*930 

4 

31 

*150 

2 

TOT0L  177820 


NGVr«P«A 

vrgK 


MpBN 

C?NCCN- 

LPAC  , 

r 

7'ATTCN 

1  THNS1 

ICFSI 

fir./n 

172 

65SC 

2 

100 

667C 

1 

87 

665C 

1 

74 

68 1C 

1 

75 

662C 

1 

93 

624C 

l 

58 

5P4C 

l 

5e 

45SC 

l 

72 

5160 

l 

56 

53CC 

1 

56 

6180 

l 

119 

626C 

? 

111 

6220 

2 

132 

6C5C 

3 

105 

566C 

■> 

135 

60 1C 

2 

127 

63CC 

2 

9C 

628C 

4 

t  04 

6280 

5 

59 

59CC 

3 

85 

5820 

0 

105 

574C 

6 

75 

552C 

4 

16 

515C 

4 

16 

512C 

5 

16 

5C4C 

4 

15 

462C 

2 

17 

4*7C 

4 

20 

45SC 

4 

71 

4570 

6 

33 

•• 

““ 

2352 

174  IOC 

— 

CECEPBEP 

MEAN 


MEAN 

CONCEN¬ 

LO  40 

DISCHARGE 

TRATION 

CTCNSl' 

ICES! 

<RG/U 

3* 

4480 

4 

18 

461C 

4 

18 

4660 

4 

18 

4T4C 

6 

18 

9260 

4 

17 

906C 

6 

16 

9070 

5 

15 

904  C 

5 

14 

464 C 

4 

14 

4640 

3 

17 

4690 

12 

34 

4940 

8 

34 

4990 

18 

49 

3870 

6 

47 

399C 

4 

32 

309C 

4 

34 

3000 

2 

*8 

309C 

4 

85 

312C 

5 

48 

3290 

6 

12* 

3490 

6 

93 

3700 

4 

60 

450C 

4 

56 

4680 

4 

69 

996C 

2 

54 

6360 

4 

26 

6320 

2 

50 

6000 

4 

50 

573C 

9 

74 

946C 

4 

— 

5500 

4 

1290 

142990 

— 

oaily 

SU?ocNDEC 

5E0IHFNT,  MATgo  ycAR 

CCTORER  1967 

TO  SE»TEMfttR 

1968 

JANUARY 

FEBRUARY 

MARCH 

MEAN 

"F.AN 

MEAN 

MEAN 

C 96CEN- 

M?A  N 

C  "'VC  FW- 

MEAN 

CCNCfct^ 

DISCHARGE 

T9ATIC6 

IP  AC  , 

TT5CHRG* 

T* AT  ION 

IPAD 

DISCHARGE 

TR  6U* 

DAY 

ICPSI 

IMG/Ll 

( T^NS) 

ICRS) 

IMG/l! 

ITCNS11 

ICFSI 

» 

1 

5420 

4 

59 

4850 

2 

26 

7400 

10 

2 

4540 

6 

74 

52CC 

5 

70 

7400 

8 

3 

4190 

2 

23 

58CC 

6 

91 

75CC 

8 

4 

3700 

2 

20 

Y2CC 

4 

67 

7900 

6 

8 

3700 

3 

30 

73CC 

5 

99 

1600 

15 

6 

3800 

2 

21 

7C6C 

8 

152 

9400 

10 

7 

3940 

2 

21 

65CC 

8 

140 

10200 

10 

8 

4010 

1 

11 

62CC 

7 

117 

10100 

16 

9 

4050 

1 

11 

6CCC 

3 

49 

9600 

9 

1C 

4C80 

2 

22 

5800 

2 

31 

9130 

10 

11 

4040 

2 

22 

56CC 

4 

60 

8970 

• 

12 

3S8C 

2 

21 

55CC 

3 

45 

7920 

12 

13 

3880 

1 

10 

53CC 

4 

57 

7570 

10 

14 

4000 

1 

11 

52CC 

2 

20 

7330 

7 

15 

41CC 

1 

12 

5C8C 

2 

27 

7270 

0 

16 

45C0 

l 

12 

5C6C 

I 

14 

7120 

a 

17 

47C0 

2 

25 

506C 

4 

55 

7930 

12 

18 

4690 

2 

25 

51CC 

3 

41 

7720 

19 

46CC 

3 

37 

5200 

10 

140 

7710 

20 

4600 

3 

37 

54CC 

4 

58 

7500 

— 

21 

40CC 

2 

26 

5CCC 

10 

151 

7310 

22 

5170 

2 

28 

61CC 

4 

*  66 

7100 

•• 

23 

5900 

4 

59 

660C 

12 

214 

697C 

24 

9600 

6 

91 

72CC 

11 

214 

7060 

25 

96C0 

6 

91 

820C 

14 

310 

722C 

— 

26 

5900 

5 

74 

eccc 

20 

432 

7500 

9 

27 

463 C 

5 

63 

76CC 

19 

390 

7750 

12 

28 

42CC 

6 

68 

T6CC 

22 

451 

7920 

19 

29 

4140 

12 

114 

75CC 

12 

243 

9170 

15 

31 

43CC 

l 

12 

•• 

— 

— 

10600 

23 

11 

9800 

1 

12 

— 

— 

— 

11900 

13 

TO^AL 

138720 

— 

1162 

1  776 1C 

— 

3838 

25327C 

— 

ICAC  , 
CTCASI * 

*8 

5C 

90 

77 

97 

€2 

(I 

68 

«C 

38 

13C 

107 

223 

*3 

38 

33 

1* 

33 

42 

33 

9* 

40 
49 

41 
30 

*4 

34 
49 

134 

94 

54 

1447 


LC80 

ITCAS5* 

200 

uo 

162 

128 

348 

254 

279 

436 

233 

247 

183 

257 

204 

134 

157 

134 

241 

290 

210 

160 

140 

120 

54 

110 

14C 

182 

231 

244 

371 

C€C 

4C0 

7169 


110 


Till*  «t  **»r»)->po  t»i*rp 


Y< |p  CCT^M  19*7  TP  SPPT***f6  1448 


MAN 

oisc*a»p.f 

PAY  «cm> 

1  uocc 

?  13400 

3  561C 

4  4040 

5  0720 

e  85*c 

7  827C 

7  *CIC 

o  7440 

IP  741C 

11  wo 

12  «?*C 

l*  *640 

14  476C 

i«  e?*c 

It  8*20 

17  «8«0 

1*  *44  C 

14  SC4C 

?0  *040 

7 t  0C3O 

27  T420 

2*»  7430 

24  74*0 

75  750C 

2*  7650 

?7  7950 

2*  5250 

2  c  *960 

3C  I14CC 

31 

TP-4t  25532C 


i»r,/i  >  m*M 

13  3*4 

15  421 

1?  311 

12  24* 

*  iaa 

10  231 

12  26* 

5  149 

6  123 

*  160 

*  169 

10  226 

4  117 

7  166 

12  27* 

12  2*6 

5  1 14 

4  137 

6  131 

4  *7 

6  130 

4  101 

7  142 

6  121 

4  *2 

7  145 

10  216 

14  311 

11  263 

34  1050 


6*54 


*-AN 

«*AN  CrtNC*4- 

C  !4r* ••Pt*  TPiM'N 


154CC 

41 

148CC 

40 

i  1 200 

40 

217CC 

40 

224CC 

44 

224CC 

>4 

22  ICC 

24 

21CCC 

l* 

?rtcc 

1? 

21900 

13 

214CC 

24 

234C0 

2* 

?t«cc 

41 

315CC 

4* 

*55CC 

100 

365CC 

1 10 

36CCC 

126 

34  ICC 

51 

304CC 

to? 

411CC 

112 

43SCC 

25* 

41CCC 

210 

5350C 

100 

457CC 

143 

544CC 

129 

«52CC 

114 

5230C 

147 

4I4CC 

123 

5\4CC 

53 

524CC 

113 

•24CC 

107 

l l 14600 

— 

JC6f 

7**611 


13*0  , 
1TPN4I 

MEAN 

ni4CH*«e* 

«C*S> 

CC6C96- 

766710*1 

(PC/Ll 

IC6C  . 
I7C6SI  ‘ 

1760 

2140 

2*60 

3520 

2660 

403QC 

4*400 

534CC 

69400 

742  OC 

*5 
•  T 

140 

104 

9*3 

II5CC 

11500 

2CCCC 

54  ICC 
117CCC 

20  7C 
1730 
1020 

667 

737 

72100 

4  34CC 

5*100 

5440C 

4550C 

561 

270 

11* 

12* 

119 

1C4CCC 

4t  2CC 

ilicc 

14SC0 

I72CC 

1420 

1*10 

257C 

6)30 

4560 

571  OC 
54000 
54400 

94  IOC 
9110C 

132 

14* 

177 

204 

126 

2C4C0 

2  3tCC 
2*«CC 

3  34CC 
1*1C0 

10*00 

12200 

0*70 

10600 

12400 

4600C 

40400 

3990C 

3M00 

414C0 

4* 

•9 

67 

7* 

104 

122CC 

4390 

656C 

MIC 

U*C0 

30300 

26tC0 

15700 

23100 

20100 

4*200 

913CC 

4*100 

44100 

41200 

119 

116 

114 

40 

70 

19CCC 

1**CC 

154C0 

107CC 

me 

2CC00 
20800 
17100 
12400 
t6000 
151  CO 

34ICC 

34500 

44000 

4*10C 

49100 

5* 

62 

70 

120 

101 

*120 
64  1C 
4320 
14CCC 
123CC 

315844 

1541300 

— 

717260 

«mv 

Sl»*PFN0F0 

*AMP  y**Q 

PC  TP*FB  1967 

TO  SEPTFNNfP  1968 

W14 

AUG'JM 

SEPTEM4E* 

Nf  AN 

•^AN 

MAN 

6066 

C"A<*FN- 

MAK 

CPNCfN- 

MEAN 

CCACEN- 

D!5CMA*GC 

to»tio6 

IPAD 

ClSCHiPGF 

T®  AT  ICN 

10A0  . 

DTSCMiPGS 

Tf*  AT  ION 

L06C 

DAY 

ic**i 

f-G/U 

itonsi 

ie*si 

CW./l  | 

U"NSl 

icfsi 

fPG/LI 

|TC*S> 

l 

39000 

*0 

*400 

155CC 

— 

330 

41*0 

7 

114 

2 

33  700 

72 

6550 

149CC 

-- 

320 

86  7C 

7 

164 

3 

3C5CC 

94 

4450 

13900 

-- 

300 

45CC 

9 

115 

4 

29*00 

42 

1380 

133CC 

— 

240 

8510 

4 

42 

5 

31400 

39 

3310 

nice 

— 

280 

8370 

4 

5C 

( 

33900 

45 

4120 

129CC 

0 

2  79 

8050 

5 

1C9 

7 

35900 

49 

4750 

13000 

6 

211 

772C 

6 

125 

* 

3740C 

59 

5960 

nocc 

10 

351 

7470 

6 

121 

0 

3*200 

67 

6910 

126CC 

0 

272 

7590 

4 

82 

1C 

36  7C0 

70 

6940 

1200C 

12 

389 

7720 

4 

83 

ll 

340OC 

63 

5*>  20 

U3CC 

— 

270 

79TC 

4 

C6 

12 

134CC 

53 

47*0 

llOCC 

7 

20* 

7740 

4 

04 

11 

31600 

44 

3750 

105CC 

0 

235 

762C 

7 

144 

14 

30  7CC 

33 

2740 

106C0 

0 

224 

76  70 

11 

220 

1* 

292C0 

30 

2370 

1C7CC 

7 

202 

7570 

4 

02 

it 

257CC 

20 

1390 

uooo 

13 

386 

7820 

6 

127 

17 

23100 

17 

1060 

1 1 5CC 

7 

217 

7750 

4 

04 

t* 

2170C 

16 

937 

121CC 

4 

131 

8570 

6 

134 

l« 

2050C 

16 

906 

114CC 

6 

193 

11300 

5 

153 

20 

19400 

12 

624 

112CC 

6 

141 

11500 

4 

124 

21 

10800 

11 

958 

IG9CC 

7 

206 

11400 

6 

ICS 

22 

t97C0 

16 

851 

107CC 

-- 

170 

11100 

6 

tic 

27 

204C0 

10 

551 

loecc 

— 

170 

11000 

4 

119 

24 

19600 

0 

423 

1C5CC 

— 

140 

10900 

6 

170 

25 

I89C0 

— 

410 

10000 

— 

no 

10200 

6 

165 

26 

1*300 

__ 

400 

444C 

_ 

71 

101 00 

4 

1C9 

27 

17400 

•- 

360 

9050 

-- 

49 

9740 

4 

1C* 

2* 

16  500 

— 

360 

940C 

2 

51 

4740 

4 

1C5 

29 

16CC0 

— 

350 

5  7CC 

1 

26 

9*0C 

2 

S3 

7C 

I94C0 

•- 

340 

100CC 

1 

27 

9990 

3 

01 

31 

15900 

— 

340 

1CCCC 

2 

54 

*“ 

•• 

•• 

8116CC 

— 

84195 

35702C 

— 

6354 

270940 

— 

3018 

»P*H  OfSCHAPGF  FPP  VFA*  (CFS-OAVSI  S61TC40 

T1T41  Lfifl  *f*  MAP  ITPNS)  1191419 


ill 


XABL8  19.5 


1 

DAILY 

SU«°?NPFD 

rer>t«rN?f  Yrfc®  PCTrP*c  1964 

jr  $|:pTCM»»Fp  |969 

CCTD0F* 

cece*»F* 

DAY 

NF  AN 

01SCHAAGF 

<CF4| 

•FAN 

CONCFN- 

▼9ATT0N 

<MG/L» 

LCAC 

l*0N5> 

MF  AN 

PISCM«G" 

ICF51 

•FAN 
Cr**CFN- 
•8  AT  ir*l 
f"G/L» 

LDAP  , 
ITONSr 

MEAN 

DISCHARGE 

ICFSI 

MEAN 

CC6CEN- 

TRATIHN 

INC/LI 

ICAC  , 
(TCKS 1 

1 

2 

3 

A 

5 

494C 

9850 

9330 

9030 

9870 

2 

1 

2 

4 

2 

54 

27 

31 

98 

48 

935C 

955C 

945C 

535C 

9  15C 

4 

4 

i 

3 

3 

ICO 

too 

77 

76 

74 

7520 

7300 

688C 

7800 

8130 

2 

2 

2 

6 

9 

41 

19 

27 

12C 

158 

6 

7 

0 

5 

10 

8680 

0580 

8380 

8460 

8170 

2 

2 

4 

4 

5 

47 

46 

93 

91 

110 

886C 

85  ?C 
8240 
794C 
794C 

3 

* 

3 

1 

3 

72 

69 

67 

64 

64 

782C 

703C 

6590 

6700 

70CC 

2 

5 

2 

0 

4 

42 

45 

U 

145 

76 

ti 

12 

n 

14 

15 

7890 

8270 

8590 

9320 

9420 

2 

6 

3 

4 

4 

43 

134 

73 

100 

100 

762C 

8450 

955C 

966C 

9C6C 
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4 

62 
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797C 

865C 
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804  C 
7180 
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12 

14 

12 

43 
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26C 
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17 

18 

19 

20 
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8760 
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3 

3 
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3 

3 
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75 
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84CC 
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773C 
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3 
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2 
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2 
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42 
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21 
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3200 

1 

5 

15 

43 

4  ICC 
43CC 
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22 
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2 
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24 

11200 

29 

11200 

26 

10000 

27 

10400 

29 

10900 

29 

10900 

10 

10400 

n 

11000 

TCTAL 

477100 

MAN 

MAN 

CCACCN- 

SHPINfNT 

AT  AN 

Cf'NCAN- 

crDIMAT 

T4  47 fON 

OtSCHAAG*  , 

Of  8CMA®GE 

taatiqn 

discharge 

fM/ll 

<TCN*/CAV>' 

<cm 

( TONS /C IV 1 

8 

104 

7CTC 

6 

115 

8 

100 

7280 

6 

1 1 A 

8 

Ilk 

8C2C 

6 

146 

8 

106 

1240C 

8 

266 

7 

45 

18200 

26 

1280 

9 

124 

24  ICC 

09 

865C 

IT 

29C 

31400 

140 

12100 

12 

235 

94200 

151 

13400 

11 

220 

94600 

138 

19000 

12 

746 

94COO 

48 

9040 

14 

32  7 

32600 

64 

60  TC 

10 

229 

3C3CC 

54 

442C 

6 

174 

27300 

34 

267C 

A 

131 

24800 

27 

1790 

6 

122 

22600 

24 

1460 

9 

87 

2240C 

20 

1220 

3 

54 

2T8C0 

35 

264C 

4 

68 

38100 

no 

11900 

9 

9C 

44100 

140 

I67CC 

3 

87 

45200 

108 

229CC 

4 

72 

45200 

135 

165C0 

T 

139 

45600 

112 

13800 

8 

156 

463C0 

112 

14100 

7 

134 

48800 

112 

148C0 

9 

167 

50100 

143 

19300 

8 

173 

53200 

148 

21900 

8 

17C 

5TC00 

150 

23100 

8 

166 

6C400 

211 

34400 

6 

118 

56200 

189 

28700 

6 

115 

47600 

135 

17400 

— 

41700 

87 

8800 

— 

4345 

108257C 

— 

940437 

SUSPFNOEO-SED IMNT 

JULY 

MAN 

DISCHARGE,  4ATER 

YFAA  OCTOBER  1868  TC 

AUGUST 

Ccncan- 

SACIM8T 

MAN 

C  ON  C  FN- 

SEDIMNT 

TtATIDN 

DISCHARGE  . 

DISCHARGE 

traticn 

niSTHAAC* 

ING/ll 

iyom/cayt 

fCFSI 

I4G/11 

I TCNS/CAYI  1 

13 

067 

1C50C 

8 

235 

12 

704 

1 CSOO 

10 

284 

14 

•77 

10700 

7 

202 

10 

591 

1C1QC 

7 

191 

10 

559 

9730 

6 

158 

10 

545 

827C 

7 

175 

9 

496 

8C00 

7 

17C 

8 

428 

8600 

10 

232 

0 

402 

172C 

9 

212 

6 

285 

8660 

4 

84 

• 

369 

8520 

7 

161 

12 

596 

8220 

4 

89 

10 

632 

7490 

5 

1C1 

6 

260 

7310 

6 

118 

10 

394 

7260 

5 

98 

14 

928 

7110 

6 

115 

10 

358 

6830 

4 

74 

to 

391 

6660 

4 

72 

16 

544 

6610 

2 

36 

• 

268 

6410 

4 

69 

10 

324 

6380 

2 

94 

16 

305 

6190 

2 

31 

9 

277 

888  C 

4 

65 

7 

212 

5870 

9 

48 

6 

161 

6040 

4 

65 

6 

175 

5790 

9 

47 

6 

168 

8800 

2 

32 

6 

167 

860C 

1 

13 

6 

167 

621 C 

11 

164 

6 

172 

5770 

10 

136 

6 

178 

5670 

4 

61 

— 

12191 

234340 

— 

3636 

MAN 

MAN 

CONCEN¬ 

DISCHARGE 

TRATION 

tCFSI 

1  AC/ll 

38100 

63 

37900 

49 

60400 

40 

48600 

85 

57600 

173 

62300 

217 

64000 

280 

62200 

200 

588GC 

202 

33400 

165 

50700 

142 

44800 

92 

38200 

03 

33600 

50 

32200 

50 

35100 

50 

39400 

43 

42500 

05 

49300 

92 

41600 

IOC 

39600 

96 

375C0 

54 

35600 

36 

34100 

25 

31000 

15 

292C0 

10 

27300 

16 

25900 

20 

25500 

10 

25300 

12 

— — 

«• — 

1237600 


SfRTENBFR  197C 


NFAN 

SEPTEMBER 

•EAN 

CONCEN¬ 

DISCHARGE 

TRATION 

fCFSl 

tPC/U 

5820 

2 

5710 

2 

5630 

3 

3810 

1 

6000 

1 

5830 

2 

6120 

1 

5980 

1 

5860 

7 

3960 

11 

6260 

2 

6030 

4 

5770 

l 

5410 

1 

5420 

1 

5240 

2 

9040 

1 

4690 

1 

4670 

1 

4600 

1 

5340 

l 

4290 

1 

6570 

3 

6480 

2 

6810 

4 

6310 

3 

6030 

3 

9700 

2 

9500 

1 

5520 

1 

— 

173110 


StCfPfM 

CtSCHMCE 

(TCAS/CAVI 

440C 
6930 
434  C 
11200 
268CC 

365C0 

480OC 

494CC 

321CC 

247CC 

194CC 

nice 

956C 

494C 

4950 

474C 

4570 

875C 

1C8CC 

11200 

10300 

567C 

344C 

2300 

128C 

142C 

118C 

14C0 

1240 

62C 


34  3  ICC 


secipem 

C  I  'CHARGE 
ITCAS/CAV* 


21 

31 

46 

n 

16 


21 

IT 

U 

111 

ITT 

94 
45 
16 

13 
15 

20 

14 

l« 

13 

13 

19 

1? 

33 

95 
1C 

51 

49 

31 

15 
15 


1064 


TCTAl  Of SC HA ACE  FCP  YfAt  IfFS-PAYSf 

TCTAl  lWMN0f0*5M|A!NT  OtlfHARQF  fC»  VBM  ITCMI 


42701 TC 
730341 


TAILS  19.13  SU$P?MnEO-«FOt*FN 


hctcpep 

w?AN 

WEAN 

CCNCEN- 

S6CINENT 

PI  SEMAP  n* 

TPATtON 

DISCHARGE 

cay 

ICFS  ) 

l**6  /l  1 

tTOns/fAYl 

i 

5360 

2 

29 

2 

5420 

2 

25 

3 

5410 

4 

58 

A 

5370 

5 

72 

9 

5720 

R 

124 

6 

5590 

7 

106 

7 

5^90 

5 

74 

8 

5620 

4 

61 

9 

58  70 

3 

48 

10 

5770 

4 

62 

u 

5680 

2 

31 

12 

5760 

3 

47 

13 

57  20 

2 

31 

14 

5640 

2 

30 

15 

5460 

.3 

44 

16 

5300 

3 

43 

17 

5500 

3 

45 

18 

5220 

4 

54 

l« 

5110 

3 

41 

20 

5050 

a 

109 

21 

4860 

u 

144 

22 

5110 

4 

55 

23 

5140 

4 

56 

2* 

5250 

3 

43 

25 

5560 

4 

60 

26 

5410 

4 

58 

27 

5320 

4 

57 

28 

5140 

6 

83 

29 

5020 

4 

54 

TO 

4970 

5 

67 

31 

4870 

4 

53 

TCTU 

166710 

— 

1870 

TABLE  19.14 

WEAN 

DISCHARGE 

SUSPrwoEO- SPOT WEN 

JANUARY 

WpAN 

CONCEN-  $*C!MENT 
TRATtON  DISCHARGE 

DAY 

ICF3  1 

ING/U 

fTCNS/CAYl 

1 

4050 

3 

31 

2 

3610 

5 

44 

3 

3340 

5 

45 

4 

3020 

2 

1* 

5 

2790 

1 

7,5 

6 

2640 

1 

7.1 

7 

2750 

1 

7.4 

8 

2900 

1 

0.0 

9 

3240 

1 

0.7 

10 

3520 

L 

9.5 

11 

3610 

1 

4.7 

12 

3220 

l 

0.7 

13 

2900 

1 

7.0 

14 

3080 

2 

17 

15 

3200 

6 

53 

16 

3530 

4 

30 

17 

3410 

4 

42 

18 

4210 

3 

34 

19 

4410 

3 

40 

20 

6250 

1 

17 

21 

7240 

2 

34 

22 

7040 

4 

77 

23 

7100 

3 

50 

24 

4070 

0 

140 

25 

6450 

7 

124 

2* 

6*20 

5 

04 

27 

6300 

5 

0* 

20 

*260 

5 

05 

24 

*310 

1 

51 

30 

7070 

2 

10 

31 

11400 

4 

12) 

rctAi 

150000 

— 

1301.4 

OISCHAer,Pt  NATER  year  nc*CRF»  1970  TC 

NOVEMBER 

WEAN 

WEAN 

CCMCEN- 

SEDIMENT 

DISCHARGE 

TR  AT  ION 

OISCHARGE  , 

ICF5I 

|WG/U 

ITCNS/CAVI ‘ 

4  890 

2 

26 

405C 

3 

39 

4020 

6 

70 

474C 

3 

38 

475C 

3 

38 

4t5C 

3 

30 

4*10 

3 

37 

4520 

3 

37 

453C 

3 

40 

5170 

3 

42 

5C40 

3 

41 

4960 

3 

40 

400C 

3 

40 

4760 

3 

39 

4750 

3 

38 

4620 

3 

37 

414C 

3 

30 

4080 

3 

40 

5010 

3 

41 

5420 

3 

44 

5400 

3 

44 

5290 

3 

43 

4020 

3 

33 

363C 

3 

29 

3000 

3 

31 

3900 

2 

21 

3050 

2 

21 

3600 

2 

19 

3420 

2 

10 

3440 

2 

19 

— 

— 

— 

137340 

— 

1C09 

DISCHARGE,  WATER  YF  AR  CUCBER  1970  TO 

FEBRUARY 

MEAN 

WEAN 

concen¬ 

SEOIMENT 

DISCHARGE 

trate 

DISCHARGE  , 

TCFS) 

ING/U 

ITONS/CAY) 1 

18000 

12 

583 

14300 

52 

2710 

10200 

7C 

3440 

15100 

57 

2320 

12500 

37 

1250 

10100 

16 

436 

f  71C 

14 

329 

7900 

14 

299 

7160 

9 

174 

749C 

10 

202 

760C 

12 

249 

0030 

12 

260 

0150 

12 

2*4 

0310 

11 

247 

8450 

11 

266 

9950 

11 

29* 

10100 

11 

300 

957C 

11 

204 

8900 

11 

2*4 

8220 

10 

222 

7360 

10 

149 

7180 

10 

144 

8070 

10 

105 

6540 

10 

177 

*560 

10 

177 

646C 

6 

105 

6240 

3 

51 

6C4C 

3 

44 

— 

— 

-«• 

— 

— 

— 

— 

— 

— 

26*590 

— 

15532 

scrtenser  mi 


MEAN 

DECEMBER 

MEAN 

CONCEN¬ 

SEC  INERT 

01 SCHARGE 

TRATION 

OISCHARGE 

ICES! 

iPG/L  1 

(TCN5/GA71 

3450 

2 

14 

3540 

2 

19 

3730 

3 

30 

3*70 

4 

40 

3500 

4 

39 

3700 

4 

40 

4720 

* 

51 

5*90 

5 

77 

5330 

5 

72 

4970 

5 

47 

4900 

4 

S3 

4500 

4 

44 

3700 

3 

31 

3700 

3 

31 

4100 

2 

22 

4330 

2 

23 

4470 

2 

2* 

4430 

2 

2* 

4200 

2 

23 

4220 

2 

23 

3750 

3 

30 

3430 

2 

19 

5150 

2 

IT 

2020 

l 

7.6 

2090 

1 

7.0 

2900 

2 

1* 

3130 

2 

17 

3510 

1 

4.5 

3700 

2 

20 

3940 

3 

32 

4240 

3 

3* 

122710 

— 

4*6.4 

SEPTEMBER  1971 

MARCH 

MEAN 

MEAN 

CONCEN¬ 

SEDIMENT 

OISCHARGE 

TRATION 

OISCHARGE 

ICES! 

INC/LI 

1  TONS /OAT) 

5760 

6 

43 

54*0 

4 

54 

5200 

3 

43 

5410 

3 

44 

5200 

2 

24 

51*0 

2 

20 

5020 

1 

14 

4930 

2 

27 

4900 

4 

S3 

4910 

5 

** 

5100 

0 

110 

5350 

7 

101 

5*30 

4 

91 

5550 

* 

*0 

5330 

4 

50 

5140 

5 

70 

5200 

3 

42 

♦940 

5 

07 

*040 

* 

74 

4010 

4 

52 

4070 

5 

00 

4770 

5 

*4 

4710 

3 

30 

*500 

7 

07 

*710 

7 

04 

5020 

7 

45 

5420 

4 

132 

5570 

5 

75 

5400 

0 

110 

5*70 

1* 

214 

*220 

4 

151 

1*1240 

— 

ms 

116 


TAILS  19.15 


SUSPENDEO-SEOIPENT  DISCHARGE*  KITH  iic^el  1970  70  SEPTEMBER  1971 


APRIL 

NAY 

JUNE 

NCAA 

MEAN 

FEAN 

MEAN 

CONCEN- 

SEC! KENT 

PfAN 

CONCEN¬ 

SEniMfNT 

MEAN 

CONCEN- 

SECIPENT 

DISCHARGE 

TUITION 

DISCHARGE  . 

0ISCM4RC.F 

TRATION 

Cl 'CHARGE  , 

DISCHARGE 

TAAT ICK 

DISCHARGE 

DAY 

ICES! 

<*G/LI 

ITCNS/CATI* 

<C«SI 

IFfi/l) 

itcn$/cavi 1 

ICES) 

(MG/LJ 

(TCNS/CAY! 

1 

4440 

4 

14C 

3C30C 

54 

4420 

41100 

111 

71100 

2 

4140 

4 

117 

31700 

52 

4490 

7T600 

272 

570CC 

1 

4290 

4 

134 

14400 

86 

8540 

73100 

219 

4260C 

4 

4270 

7 

119 

45400 

153 

188C0 

704CC 

196 

371CC 

9 

4170 

II 

111 

35900 

266 

40600 

70100 

164 

319CC 

* 

4710 

1 

149 

42400 

364 

62000 

71100 

207 

4C9CC 

7 

7440 

n 

141 

44*00 

331 

97400 

79400 

277 

964CC 

• 

9410 

19 

382 

64400 

219 

41700 

76200 

147 

714CC 

9 

11100 

39 

1170 

66300 

265 

47400 

79900 

274 

570CC 

10 

14900 

44 

180C 

69600 

268 

5600C 

79400 

216 

44000 

11 

14900 

29 

1290 

71500 

313 

604CC 

70100 

204 

19  900 

12 

19400 

23 

109C 

74100 

320 

64000 

61900 

147 

277CC 

1) 

14100 

14 

449 

8CC00 

347 

790CC 

97000 

117 

21100 

14 

11000 

14 

491 

85100 

350 

40600 

97400 

111 

2C1CC 

19 

12700 

19 

914 

6C3CC 

515 

99CC0 

94400 

122 

19200 

1* 

11900 

13 

347 

79100 

406 

47400 

969C0 

119 

2CTCC 

17 

14300 

14 

418 

66400 

149 

42600 

91700 

107 

14900 

It 

14100 

14 

933 

39200 

252 

17600 

464C0 

109 

11100 

19 

11400 

13 

47C 

47700 

126 

14200 

41900 

TO 

81CC 

20 

11400 

14 

507 

42900 

89 

10300 

42400 

41 

4740 

21 

14900 

14 

543 

40000 

40 

4440 

41200 

99 

6420 

22 

19100 

21 

1190 

34000 

94 

9640 

47200 

79 

ICIOO 

21 

23200 

41 

297C 

moo 

40 

4170 

91400 

41 

11900 

24 

24900 

76 

5190 

41900 

63 

7060 

96000 

114 

20100 

29 

11900 

114 

999C 

49200 

86 

11400 

40900 

119 

227CC 

24 

19900 

117 

11300 

58000 

146 

229C0 

41900 

171 

294CC 

27 

14400 

143 

14100 

48600 

264 

48900 

91100 

179 

24200 

20 

14400 

130 

12200 

7730C 

324 

67800 

91400 

122 

17100 

29 

32900 

90 

799 C 

84100 

362 

82200 

49600 

72 

8E6C 

10 

11200 

40 

505C 

87200 

432 

IC2000 

40100 

61 

664C 

31 

— 

— 

— 

85400 

410 

945C0 

— 

— 

— 

TOTAL 

910910 

— 

43414 

1165400 

— 

l 390260 

1404400 

— 

462560 

TAILS  19.16 

SUSPENDED-SEDIMENT  DISCHARGE »  WRTER 

YEAR  OCTCNFR  1970  TC 

SEPTEMBER  1971 

JULY 

AUGUST 

SEPTEMBER 

MEAN 

«EAA 

FEAN 

MEAN 

CONCEN¬ 

SECINENT 

PEAK 

CONCEN¬ 

SEDIMENT 

MEAN 

CONCEN¬ 

SECIPENT 

DISC  MAP  Gc 

TRATION 

DISCHARGE  , 

DISCHARGE 

TRATION 

DISCHARGE  . 

DISCHARGE 

TRATION 

CISCHARGE 

DAY 

ICFSI 

(RC/U 

ITONS/CAVI* 

(CESI 

ING/ll 

ITONS/OAVl' 

IC*S> 

IPG/LI 

(TCNS/CRY) 

1 

37300 

62 

6240 

IS50C 

11 

579 

8150 

4 

135 

2 

36900 

61 

6080 

19100 

10 

316 

8730 

5 

118 

3 

16700 

54 

535C 

14T0C 

17 

673 

9100 

5 

123 

4 

35900 

31 

4940 

17200 

15 

697 

9100 

5 

124 

5 

34400 

53 

5110 

17900 

12 

580 

9090 

6 

167 

6 

12300 

41 

3580 

18C00 

16 

778 

8720 

7 

165 

7 

10700 

39 

323C 

l  7700 

ll 

326 

8120 

6 

132 

4 

29200 

16 

244C 

17COO 

9 

411 

7810 

5 

106 

9 

26900 

39 

2810 

16600 

9 

*99 

7760 

1 

63 

10 

24000 

52 

3930 

15700 

7 

297 

4260 

6 

ES 

11 

27900 

34 

2460 

15000 

11 

446 

41C0 

5 

ICS 

12 

12500 

40 

35IC 

14300 

8 

109 

7710 

7 

166 

11 

94600 

40 

1740 

11600 

8 

294 

7940 

6 

122 

14 

12900 

16 

316C 

12900 

8 

279 

7140 

6 

12C 

19 

29700 

23 

2000 

12300 

10 

118 

7610 

2 

60 

14 

29000 

22 

I72C 

12C00 

11 

396 

7210 

1 

19 

17 

29700 

14 

1440 

11500 

9 

279 

4740 

1 

55 

14 

31200 

14 

114C 

10400 

8 

213 

6910 

6 

TC 

19 

12000 

16 

1140 

IIIQC 

9 

275 

6290 

6 

IC2 

20 

31300 

IT 

1440 

9800 

12 

318 

6170 

5 

86 

21 

31500 

19 

1620 

9600 

9 

228 

6090 

6 

86 

22 

12100 

19 

1690 

9C80 

8 

196 

9990 

3 

64 

21 

31900 

19 

1640 

8960 

7 

149 

5440 

2 

32 

24 

11200 

19 

1600 

8960 

6 

165 

3750 

6 

62 

29 

29900 

19 

151C 

9020 

3 

122 

5620 

7 

1C6 

24 

24400 

14 

1090 

8960 

6 

169 

5670 

6 

59 

27 

29900 

11 

495 

8520 

9 

207 

9570 

2 

SC 

24 

29000 

12 

745 

8210 

7 

195 

5540 

2 

30 

29 

21600 

12 

70C 

7980 

5 

104 

97CQ 

3 

66 

30 

21100 

12 

69C 

7810 

5 

109 

6020 

6 

65 

31 

20400 

11 

412 

•000 

6 

170 

•• 

— 

— 

TOTAL 

914100 

— 

79372 

191740 

- 

10297 

216210 

— 

2617 

TCTAL 

0ISCHAR6E 

FOR  TEAR  ICES-OAYS J 

47IC2IC 

TCTAl 

SllSFENOfC- 

SEOtMCNT  DISCHARGE  FOR  YEAR 

ITDKSI 

2692096*1 

117 


TAILS  19 

17 

SUSFENOEO-SEOINENT 

0ISCNM6C,  MATCH  TEA*  OCTOBER  14TI  TO 

9EFTEN6CM  I BTC 

OCTOAER 

NOVCNOER 

DECEMGER 

HE  AH 

HE  AN 

NEAN 

MEAN 

CONCEN¬ 

SE01NENT 

NEAN 

CONCEN¬ 

SEDIMENT 

Mi  AN 
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DISCHARGE 
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DISCHARGE  , 

DISCHARGE 
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DISCHARGE  . 

0  IK  HARM 
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1  NG/L) 

(TONS/OAY)  * 
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(NG/L) 
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30 

• 
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95 
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18 
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38 
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18 

11 
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3 

50 
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3 

43 

3400 

2 

18 

11 
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4 

43 
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5 

76 

3200 

2 

17 

13 
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69 

5870 

4 

43 
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17 

14 
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98 
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31 
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19 
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8 

134 
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2 

91 
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2 

17 

14 

4300 

8 

136 
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3 

45 
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2 

1* 
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113 

5220 

2 
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1 

10 

18 

5790 

6 

94 
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1 

14 
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4 

41 

19 

5340 

5 

75 
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2 

24 
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3 

31 

20 
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5 

78 
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59 
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21 

21 
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78 
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2600 

9 

21 

30 

5110 

4 
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20 

31 
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— 

— 
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9 

21 

TOTAL 
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— 
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— 

1112 

109970 

— 

698 

TABLE  19 

IS 

SUSFENOEO-SEOINENT  DISCHARGE •  MATER  TEAM  OCTOtEM  1BT1  TO 

SEMTEN9ER  1972 
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— 

— 
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TOTAL 
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— 
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— 
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499990 

— 

9TT60 
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INSTANTANEOUS  SUSPENDED  SEDIMENT  AMD  PAKTICLE  SIZE  ANALYSES,  KOOTENAI  K.  Ml.  IEXPOND,  MOOT. ,  1960  -  1971 
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180  143  162 


Tiblt  25.  Turbidity  Dtttnlutloac  For  The  Kootenai  River  Below  Table  26.  Turbidity  Deteminat Iona  For  The  Kootenai  River  Below 


-i_L 


L 


& 


MOINHNHNHHHeONrtfOnNnNfNNNNNnNnNNOJNN 


NN^rtmirtVM<nWNNNNNNN(*»WNNNNNNNNNN< 


JNNNNNNNNNNIN«NNNNnnMnHNpHf|JN 


INNVOW4<4Wn-4^'»lO>*<»V'*«,>VNNnNV>»M« 


<v-vr»*H(nfnHr^r>.i?»«vpnpnmf^Mfncsr^'0>oooiSiAm«v-v>v 
H  rt  H  H 

^-VMoor'-'Or».f'<''©fOCO©©»no©r'*<*>f'*r*.csr«»fif*>QoO»^«no»C'4 
mNNHHHHnm^9>Nn(n^mN<otn<«vn(n’9«HnHaDine 
H  H  H  H  H  H  H  H 

HeMoeHnvnNewnrtwvviANNaHprjto^iAaNa 

NHNHHNi^vrnnnntnnnNNnmvNNNOjnvtxnNN 

veoe^NONNutNo^inA 
HHNHrtHHH  H  H  S  H  H  N 


3 


H«n<*  o 


sssasssssssssasssasass 


121 


^tlwtad  *E*tlMt«i 


•»N(n«nNfniAc94«jM-»NNNionN(n«nNNNNNnrtnrt 


irtm>»rm(nNn<j(nn(nnnNn(0(nnnn«jm^fnnn>»#"»-» 


CpO'fNnnN'TN^NHOOr.'tfBON^Hr'CDO'NNHNCOSO^in-ffrN 

(NNNNNNNNNNNNNNHH-HNHHHINNNNHHHHH 


®s>0'0'0ffiOO6C'®'ein^inifi^^nnn«4'0N®N^iflin 

«  «  «  «  « 

LnoT>o<rotN<^o^Q'«#\Oom-TPOU-»f'4r^rnHr>CT\Nr^>TQQLnoo 

NN(nn®KMO(nii®ii»^(*)9nrt<nNNNNN^*NOiN9> 


HNNHHHHi 


K  HNn>»  ifl®r>«o>OH( 
g 


HHHHHHHNNNNNNNNNNAn  3 


125 


0925 


126 


TAILS  36.1  EOOTENAI  RIVER  ISAS  REXPORD,  MONT. 
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TABLE  36.7  CHEMICAL  LATA  KOOTENAI  EIVEft  MEAN 
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TAILS  37.3  CUBICAL  MIA  KOOTENAI  RIVEN  BELOW  LIBBY  DM) 


r ! 


\4 


00000000000000  ooo< 


SSo"  g8iSSgg223S2Si§g2f  SSgSgSgS82gS88SSgg§8888S88R28882222 

§T  ■  iJ  ONOOHHOOHOOOH»40HN«OHiHOhOOOOOONHHHOO 

pi 


oooo^oooooooooooo  oooooooooooooooooooooooooooooooooo< 


«4>  m  a. 

s?  ^  _  . 

O  U  OOOO’HOOOOOOO  oooo  ooooooooooooooo 


■g  * 


12  2  * 

-4 


is 


g  * 


828882882888  2822  S88gg88SSg8SS8g 

^NOmNOOrsmNHinH  NNOO  N4NONMOOHHHOHHO 

oddddddddddd 

822888838888222  8882828283238822 

HlrtNOOHHN^HHHNNrt  NNHNNOOHHON  -4r(rtp4H 

o  o  o  o  o  o  d  o  o  o  o  o  o  o  o  d  o  o  d  o  o  d  d  o  d  d  o  o  o  o  o 


ss^ 

fn  Hs 

sea 

Si 


H  H  H  HHOOOHNMN«mllN 

odd  d  o  o  o  oo  o  o'  c  o’  o’  co 


ST  8*i 

8  2  S  S 


v,099inVlB*in4r'rk4<fQH«inN90000*0^ngi»N4st««N 

OOOOOOHCMNNHHNOOOHNMOHHHHOOOOOHNNtfWNH 

ddddddddddddddddodddddddddddddddddod 


3=fS< 

838S 


§§i§iii§es3s§§ii§i§i§§§§§§§§§§ii§ii 

dddddddddddddddddddodddoddddddooddd 


H  *  4  4 

*0  I  <  V 

Iggi 


833888828828828282882883328888822228 

Hrwn9oOOHOOOO(OOOOOONOOnNOeONOOv4HHOOOO 

dddddodddoodddddddoddddddodddddddddd 


■  < 

8"* 


38a82S388SSSaSI§833§8|2SSSiSSaSSa§2S 

dddoooddddodoooddddddddddoddddoooddo 


S(rt«a4HiQNaHaNH»Ol0N»iftaNr>fsNNlOr*K4NNHN'®O'p 

dddddoddddoddddddddddddddddddddddo-id 


§8888883338833883828338**88388883883888888888888888888 

5a  38333533333 333533 as asssassssssssssssssssasssssasasass 

Bgo  ^§S^i§H55§ia«HUtau§utt«uaa§2aa3a2St2§aisig 

|82  8232SSS888S2aS3SS8SgS2aa£sS3S8S8S222£sSSS8Sg822aSSSSS 

*e  $££ss£££l£l8££ssl888$s££888^88l8l8^££££££££££££«a££ 


137 


•/>  <  w 

m  a  >  J 

JV 


§OQU 


8li* 


%§** 


n  5  w  j 

9>H  MS 
8  8Q.8 
£* 


ssa  j 

a>  w  q  ^ 

sis* 


•n  X  c/j 
Smm  j 

8j£°-u 

i«  * 


nNOo-9actHninN(nin0in<ONNooMMr»r«offiOincD«OHOin<AoiAHtno<f49ttf>rHOO(O9«4O 

>»iflinr«.Nyoi^'ONr«*oor«.N'«^inirt'0'Cr»'CN(eirtn40N«rMftNicr*triNvein^M^in(flNNN»«a» 


»o  r«.  <n  ©  »<  .«■  N9»ff>H»riNnNNMrtr»«fie0H^ifiNN^y09i«6rt0NHiftHnNN(nK3i<FodHffi«0  »r» 

00»H«NOO*-400T-<OOOOOOOOOOO^HOOOOOOOO»HOr-*^HMOOOOOOO<H»H*HOOO 


INNNrtn-tf  CM 


HHN<n«Mf>uMNnNNHH«vwNN<nin^(oifl^r<HNNcxin*#(rtin<n(rtNNHH«cn«tinintfi«iftN  tn 


asssssggsggssassssssgaggasasssssgsisassgsgsaassg 

O<HO0lOOOOOOHOOOOC<4O>HCMOVM<HrMAoodoOO«Hodr-l«HOOOOpOOCM0OOrH  o 


OOQQOOOQOOQOOOOQOOOOOOpQPOOpQOOOOppQgcDQOOQOOQPQ  O 
HH<snnHNnMfonNHNNnn^^irtin»nvONHNNM«»-oinifl^\nrtHOHNn<4in'tfift*tM  «*> 


'Or^OOOrHOOOOOCOr><tOOOOOOOOOf^OOO»voOOOOOOOa\*tfCMr«-OOOOOOOin 


hSm  oooooooooooooooooooooooooooooooooooooooooooooooo 

§o  3  ^  NM*iHH(no\N«i«0'4Q««5®tf'HpsBoeoinnncN>p«rin^o\NNOO'vONH4H'tf9sin#«4  w> 

3  «*> 


388888838838283588888588885883888888888888888888 

»'C-<^MO'C'Cifl'flncoriO(»r*o«'Ctfl"C'C>C'*®n^n'CNinff\no^NONHfSHNON\eNMO 

“  ~ *  — *  ‘  1  — 1  J  J  — ‘  Q  H  H  H  H  H 


OHHHHHHHHiHHHH 


SSS2SRSoSS3SS8So23o33388383oS3S5aS2SS33S335o§28f; 

S,'«.'n>s'S'n.'*»'s's's>N.'v  VN.'S's's  Vs.  WN,  VS-WN.  WV>s'sSs'V>.N.*v«v  WN.VN.SsXVS.N. 

3  £  S  2:S  8  3  3  S  3  S  8  o  8  S  S  3  3  o  3  3  3  S  o  S  §  S  S  5  3  o'S  3  S  8  o  S  S  S  3  3  3  o  S  3  3 

'v"s.'s'«i.N',,sss,S><.'WN,'n.S>'S.'s«'s>'s'vsi,W'x's'SW,s,'s.N,s\'^vsn',,s's>>n'ns»'S,'s,,>.>.'VNW',»» 

KNNN«*fO(8»»ffi»»».oyfl\*»9.eOOOOOOOOOOOH-HHHHHHHHHHHNNNNN 


t**l*  37.5  COMICAL  DATA  IOOTEXAI  *ITO  ULOU  LIMY  DAM 


ssa< 

si  “.8 


N  5  H  ij 

3183 

OB  *5 

38 


agzL 

OHBn 

Si  qS 


OOOOOOMOOOOOOOOOOOOO 


ooonoo  O O O O O O O O N o O O ( 


f  V  V  v  v  V  V 


OOOQO<HOOOOOO<HOOOO<HOO 


§ll< 

Sg°-8 

sa 


§§§<d 

3  2  r 


oooooooooqooooooiA»H>Hom««c4^oooooooooooooooooooo«oo 

*H  <H  O  P<4  H  •#  H  H  <N  H  H  H  H  N  H  H  fM  <N  .H  HH  HM  HH  N 


88888888888888888888 

ddddddddddddoddddddd 


oooooogooogoggoooooo 

NNH  2  <#  *S 


§S3< 

<h  B  oo 

°ir 


gss  288888838898389388888388883889888888888888888888 
H  2  833333353333383383333333333333383333333333333333 

SSg  SSS3oSSSSS8S88SS38o38S88S88S33o33833S3383358833R 

|8|||||3|||8|8||I3||!||p!|!!3p||||5||83aa||||| 
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TABU  37.7  CHBUCAL  DATA  KOOTENAI  RIVER  BELOW  LIBBY  DAN 
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TAIL!  38.8  CHMICAL  DATA  KOOTBUI  *TVE»  AT  LIMY 
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TABLE  47.2  LOADING  CALCULATIONS,  KOOTENAI  RIVER  NEAR  REXFORD  (STATION  I)  TABLE  47.3  LOADING  CALCULATIONS,  KOOTENAI  RIVER  NEAR  R EXFORD  (STATION  1) 
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LUST  DAK  PROJECT 


Tabla  30.  Nuabar  of  Intacta  Col lac tad  by  Bottoa  Stapling  In  tha 

1968-1971 


Location 

Total  of  All  Itatlona 

Ho.  of  Saaplaa 

38 

60 

72 

Taar 

1968 

1969 

1970 

Placoptara 

Ptaronarcya 

3 

9 

1 

Ptaronarcalla 

239 

443 

457 

Capnla 

37 

947 

35 

Iaocapnla 

2 

Brachyptara 

24 

1062 

Naaoura 

26 

Iaoganua 

285 

1597 

569 

Arcynoptarya 

1 

3 

Iaoparla 

234 

104 

749 

Dlura 

429 

Acronauria 

3 

30 

Claaaaanla 

1 

4 

Alloparla 

386 

21 

1038 

Dnldantlflad 

Ephanaroptara 

Baatla 

270 

3163 

3613 

Calllbaatla 

3 

Aaalatua 

2 

82 

Paraaalatua 

81 

Ephaaaralla 

94 

870 

246 

Laptophlabla 

19 

Par alaptophlab la 

1 

Haptagania 

7 

12 

187 

Rhiehrogana 

12 

34 

65 

Clnygaula 

3 

30 

Epaorua  (Iron) 

13 

Dnldantlflad 

2 

Trlcboptara 

Rydropaycha 

1878 

2083 

6350 

Parapaycha 

126 

378 

113 

Arctopaycha 

13 

Chauaatopaycba 

4 

Brachycantrldaa 

134 

155 

298 

Sloaaoaoaa 

31 

82 

Rhyacophlla 

1 

Llanaphllldaa 

18 

146 

Naothraaau 

11 

Dnldantlflad 

1 

41 

Dlptara 

Tandipedldaa 

3558 

8285 

10329 

Tlpula 

55 

50 

54 

Holoniala 

12 

24 

15 

Haxatoaa 

48 

26 

75 

SlBulluB 

2 

19 

7 

Tanydarldaa 

Rhag lonldaa 

4 

6 

Atharlx  v. 

7 

2 

Eapldldaa 

1 

2 

Tabanldaa 

Dnldantlflad 

18 

94 

Odonata 

Zygoptara 

Agr  Ion 

1 

Colaoptara 

Elaldaa 

25 

11 

Hydrophllua 

1 

Dytlacldaa 

7 

Magoloptara 

i 

S  la  11a 

Ranlptara 

Corlxldaa 

64 

11 

Kootenai  River 


60 

1971 


1 

475 


318 

1112 

8 

130 

11 

45 

1338 

10 

1937 

9 

106 


148 

756 

75 


4170 

52 

4072 

178 

49 


125 

7360 

109 

108 

2 

14 

1 

230 


19 


1 


TOTAL 


7622 


19869 


24737 
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LIBBY  DAM  PROJECT 


Tabla  Sl.Huabar  of  laaacca  Collactad  by  Bottom  Sampling  in  tba  Kootanal  Rivar 

1968-1971 


Location 

Ho.  of  Sanplaa 

9 

Taar 

1968 

Placoptara 

Ptaronareya 

Ptatonacealla 

156 

Capnla 

36 

laoeapnia 

Brachyptara 

3 

Haaoura 

Iaoganua 

115 

Arcynoptaryx 

Iaoparla 

128 

Dlura 

Aeronaut la 

Claaaaania 

1 

Alloparla 

108 

Onldantlflad 

Ephaaaroptara 

Baatia 

92 

Callibaatla 

Aaalatua 

2 

Paraaolatua 

Ephaaaralla 

SO 

Laptophlabia 

Paralaptophlabla 

Haptagania 

Khlthrogana 

Clnygaula 

Kpaorua  (Iron) 

Onldantlflad 

Trlchoptara 

Hydropaycha 

1121 

Parapaycha 

110 

Arctopaycha 

7 

Chaunatopaycha 

Brachycantrldaa 

68 

Gloaaoaona 

12 

Rhyacophila 

Llanaphllldaa 

1 

Naothrsaau 

Onldantlflad 

Diptara 

Tandlpadldaa 

635 

Tlpula 

31 

Holoruala 

Haxatona 

7 

Slaullua 

Tanydarldaa 

Khaglonidaa 

Atharlx  a. 

3 

Rapid Idas 

Tabanldaa 

Onldantlflad 

Odonata 

Zygoptara 

Agr Ion 

Colaoptara 

Elnldaa 

Hydrophllna 

Dytlacldaa 

Magoloptara 

Slalla 

Hanlptara 

Corlxldaa 

TOTAL 

2666 

taxford  (station  1) 

IS  18  15 

1969  1980  1971 

7 

1S7  216  322 

13  6 

231  5 

10 

277  183  631 

8 

5  276  51 

155 

9  8 

1  23 

10  200  205 

1 

893  1633  312 

8 

6 

186  82  31 

1  62  11 

9  25  96 

1  17 


600  1919  2139 

69  52  21 

6  216 

16  129  67 

3  30 

72 

3  3 

1817  3121  1716 

8  15  25 

8 

10  21  19 

15  7 

2  1 

11 

35  93 

1 

2  6 


6 


6 

6280  7916  5885 
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LOST  DAM  P  ADJECT 


Tabla  32.  Nunbar  of  Inaacta  Collactad  by  Bat ton  Stapling  in  tha  Kootaoal 

1968-1971 


Alrar 


Location 

Mo.  of  Saaplaa 

10 

Yaar 

19(8 

Placoptara 

Ptaronareya 

3 

Ptaronarcalla 

58 

Capo  la 

3 

laocapnia 

Brachyptara 

Nanoura 

Iaoganua 

90 

Arcynoptaryx 

Iaopatla 

46 

Dlnra 

Acronaurla 

Claaaaanla 

Alloparla 

67 

Unidentified 

Ephaaaroptara 

Baatla 

17 

Calllbaatla 

Aaalatua 

Paraaalatua 

EphanaraUa 

1 

Laptophlabla 

Paralaptophlabla 

Baptacaola 

Rhlthrogaoa 

Cloy paula 

3 

■paorua  (Inn) 

Dnldaatlflad 

Trlchoptora 

Hydropaycba 

261 

Parapaycba 

6 

Arctopaycha 

5 

Chaoaatopaycha 

Brachycantrldaa 

27 

doaaoaaaa 

1 

Ihyacophlla 

1 

lianaphllldaa 

4 

Naothrnaaa 

Dnldaatlflad 

Dlptara 

Tandlpadldaa 

1345 

Tlpula 

14 

Boloroala 

Haxatoaa 

32 

Slaulloa 

2 

Tanydarldaa 

Abaglonldaa 

At  bar lx  v. 

Bapldldaa 

Tabaaldaa 

Dnldaatlflad 

1 

Odonata 

Zypoptara 

Agrlon 

Colaoptara 

Klaldaa 

2 

Bydrophllna 

Dytlacldaa 

Magoloptara 

Slalla 

1 

Hanlpt ara 

Gorlnldaa 

64 

TOTAL  203A 


Mar land 

(Station  2) 

15 

18 

15 

1969 

1970 

1971 

87 

195 

58 

623 

9 

2 

465 

87 

164 

235 

289 

58 

211 

U 

2 

122 

19 

3 

1 

12 

456 

452 

778 

1047 

991 

47 

60 

258 

98 

18 

3 

52 

129 

6 

26 

317 

18 

58 

6 

540 

2572 

696 

206 

43 

6 

87 

92 

2437 

51 

8 

« 

39 

UO 


3036 

2801 

2131 

14 

18 

51 

4 

7 

9 

17 

57 

1  1 

1 


M  57 


5  13 

2 

7 

3356  8039  8039 
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LIMY  DAM  nonet 


Tab  la  S),tabn  of  Iaaaeta  Collactad  by  Koteoa  Sapling  In  tha  Knot  anal  Uvat 

1968-1971 


Loeatlon 

Balov 

Dan  (Station  3) 

Ho.  of  Saaplaa 

9 

15 

18 

15 

Yaar 

1968 

1969 

1970 

1971 

Placoptara 

Ptarouareya 

2 

1 

Ptarooarcalla 

21 

170 

4 

16 

Capnia 

207 

Iaocapnla 

Iradqpttrt 

7 

259 

118 

Hanoova 

16 

Iaogaona 

62 

716 

52 

208 

Arcynoptaryx 

1 

3 

Iaoparla 

a 

24 

177 

86 

Diora 

2 

95 

Acrooanrla 

Claaaaaala 

2 

3 

Alloparla 

158 

8 

264 

412 

Onldantlflad 

Ephanaroptara 

Baa t la 

106 

1247 

749 

278 

Calllbaatla 

JaalaCaa 

14 

2 

Par  anal  atns 

15 

Ephaaralla 

42 

320 

40 

8 

Laptophlabla 

19 

Paralaptophlabla 

1 

Haptaganla 

7 

3 

28 

7 

Hhlthrogana 

12 

12 

5 

114 

Clnygaula 

10 

Epaorua  (Iron) 

7 

Onldantlflad 

Trlehoptara 

Hydropay cha 

317 

972 

958 

416 

Parapaycha 

4 

87 

8 

14 

Aretopayeba 

1 

Chauaatopaycha 

843 

Braebycantrldaa 

52 

51 

43 

43 

Gloaaoaona 

18 

68 

12 

Kbyacophlla 

Llnoaphllldaa 

11 

32 

laochrana 

8 

Onldantlflad 

22 

Dlptara 

Tandlpadldaa 

246 

1602 

1963 

1878 

Tlpula 

6 

17 

10 

16 

Holoruala 

7 

4 

8 

Hasatoaui 

9 

3 

25 

16 

Slnullua 

1 

Tanydarldaa 

1 

Rhaglonldaa 

1 

2 

Atbarlx  v. 

3 

2 

1 

tapldldaa 

1 

2 

rabanldaa 

Onldantlflad 

17 

16 

26 

Odonata 

Zygoptara 

Agrlon 

1 

Colaoptara 

glnldoo 

9 

4 

Hydro phllna 

1 

Dytlacldaa 

Magoloptara 

Slalla 

Saniptara 

Corlaldaa 

1 

TOTAL 

1154 

5890 

4466 

4519 
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LIMY  QAM  PBOJECT 


Tabla  M.ltafeu  of  Inaacta  Collactad  by  Bottoa  Sapling  in  tba  Kootenai  lint 

1968-1971 


Locaeion 

Lowry  Gulch 

(Station  6) 

Mo.  of  Saaplaa 

10 

15 

18 

15 

Taar 

1968 

1969 

1970 

1971 

Placoptora 

Ptaronareya 

1 

Ptaronarealla 

6 

29 

66 

79 

Capnia 

106 

20 

laocapnla 

Brachyptara 

16 

107 

108 

Kanoura 

laoganua 

18 

660 

97 

186 

Arcynoptarys 

Iaoparla 

52 

17 

87 

2 

Dlura 

57 

Acronauria 

1 

Claaaaanla 

7 

Alloparla 

53 

3 

118 

269 

Unldantlf lad 

9 

Ephaaaroptara 

Baatla 

55 

265 

386 

356 

Calllbaatia 

3 

Aaalatua 

13 

7 

Paraaalacua 

Ephaaarella 

1 

108 

26 

29 

Leptophlabla 

Paralcptophlab la 

Haptaganla 

3 

65 

1 

Shithrogana 

7 

7 

231 

Cinygila 

1 

Epaorua  (Iron) 

Dnldantlflad 

2 

Trlchoptara 

Hydropaycha 

179 

171 

901 

919 

Parapayche 

6 

16 

10 

11 

Aretopaycha 

Chaiaatopaycha 

576 

Brachy can  tt ldaa 

7 

3 

36 

17 

Gloaaoaoaa 

3 

3 

■hyaeophlla 

Llanapbllldaa 

2 

3 

Maothrwaa 

3 

Dnldantlflad 

1 

16 

12 

Dipt ora 

Tandipadldaa 

1332 

1830 

2666 

1637 

Tlpula 

6 

11 

11 

17 

Holoruala 

5 

8 

Haxatoaa 

6 

12 

16 

Slamllwa 

3 

Tanydarldaa 

1 

Bias  Ion  ldaa 

2 

Atharlz  t. 

1 

1 

Bap id ldaa 

Tabanldaa 

1 

Dnldantlflad 

5 

32 

Odonata 

Zygoptotn 

Agrlon 

Colaoptorn 

Klaldaa  16 

Hydrophllna 

Dytlacldaa  1 

Magoloptara 
S ini  la 
Haniptara 
Carisldaa 

TOTAL  1790  3163  6316  6566 
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Tabic  67  Average  Busbar  and  Height  of  Insects  Collected  by  Cylindrical  Substrate  in  the 
Kootenai  River  in  1968  and  1969. 


Location: 

Rexford 

War land 

Below  Daa 

Total 

Mo.  of  Saaples 

9 

9 

5 

9 

9 

9 

23 

27 

Year 

1968 

1969 

1968 

1969 

1968 

1969 

1968 

1969 

Plecoptara 

Muaber/saaple 

39 

60 

23 

130 

39 

124 

35 

105 

Welght/saaple 

1.0 

0.4 

0.5 

0.9 

0.9 

0.7 

0.8 

0.6 

Epheaeroptera 

Muaber/saaple 

5 

59 

35 

126 

18 

185 

17 

123 

Welght/saaple 

tr 

0.2 

tr 

0.1 

0.1 

0.4 

tr 

0.2 

Trlchoptera 

Muaber/saaple 

60 

96 

21 

220 

633 

710 

276 

342 

Welght/saaple 

1.6 

0.9 

0.6 

1.5 

11.2 

3.5 

5.1 

2.0 

Dlptera 

Muaber/saaple 

32 

57 

43 

127 

64 

141 

47 

108 

Welght/saaple 

tr 

0.2 

0,2 

0.4 

0.5 

0.3 

0.3 

0.3 

Odonata 

Nwber/saaple 

tr 

tr 

Welght/saaple 

tr 

tr 

Coleoptera 

Muaber/saaple 

tr 

tr 

1 

tr 

Welght/saaple 

tr 

tr 

tr 

tr 

Megaloptera 

Muaber/saaple 

tr 

tr 

Welght/Saaple 

tr 

tr 

Bealptera 

Muaber/saaple 

Welght/saaple 

Total 

Muaber/saaple 

135 

273 

123 

602 

754 

1161 

374 

679 

Welght/saaple 

2.6 

1.7 

1.3 

2.8 

12.7 

4.9 

6.3 

3.1 

Mote:  Totals  say  not  add  due  to  rounding. 


